Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


^  AjiJ'^^> 


HARVARD  UNIVERSITY. 


or  TUK 

MD8BUH  OP  COMPARATIVE  ZOOLOGY 


r-— 


m 


1922 


Jr.AXT 


JULY,  1916 


Bulletin  of  the 

American  Institute  of 

Mining  Engineers 

PUBLISHED  MONTHLY 


SECTION  I 

Page 


Special  Train  to  Arizona 

Program  of  Arizona  Meeting 

IToflDunations  for  Officers 

Proceedinss  of  Meeting  of  Board  of 

Directors 

Personni 

Employment 


•  •  • 

111 
iv 

V 

vi 

t 

VI 

viii 


Paob 

Local  Section  News iz 

Affiliated  Student  Society  Notes xii 

Library jciii 

Bibliography,     Valuation    of     Public 

Utilities xv 

Membership xri 

Institute  Committees xxxiii 

Officers  and  Directors ^. . .  zl 

SECTION  II.— PAPERS  AND  DISCUSSIONS 

Sloping  in  the  Calumet  and  Arizona  Mines,  Bisbee,  Ariz.    By  Philip  D. 

WUson 1099 

The  Flotation  of  Minerals.    By  Robert  J.  Anderson 1119 

The  Diastrophic  Theory.    By  Marcel  R.  Daly 1137 

Modern    Methods  of  Mining  and  Ventilating  Thick  Pitching  Beds. 

By  H.  M.  Crankshaw 1169 

Diesel  Engines  versus  Steam  Turbines  for  Mine  Power  Plants.    By 

Herbert  Haas 1171 

C<Bnparisons  Between  Electrolytic  and  Two  Varieties  of  Arsenical  Lake 
Copper  with  Respect  to  Strength  and  Ductility  in  Cold-Worked  and 
Aimealed  Test  Strips.    By  C.  H.  Mathewson  and  E.  M.  Thalheimer.    1186 

Tungsten  and  Molybdenum  Equilibrium  Diagram  and  System  of  Crys- 
tallization.   By  2ay  Jeffries 1226 

Zircon-Bearing  Pegmatites  in  Virginia.    By  Thomas  L.  Watson  ....     1237 

Discussion  of  the  paper  of  H.  P.  Howland — Calculations  with  Reference 
to  the  Use  of  Carbon  in  Modern  American  Blast  Furnaces.  By 
A.  H.  Lee  and  N.  M.  Langdon 1246 

Motor  Truck  Operation  at  Mammoth  Collins  Mine,  Shultz,  Ariz.    By 

Wilbert  G.  McBride 1263 

Industrial  Section (Interpolated  in  Advertising  Section) 


\ 


CovTBiQwr,  1916,  BT  TBS  Amebican  Institutb  of  Mining  ENOiNEEiia 


A  Portland  Continuous 
Filter  Means  a  Drier 
Flotation  Concentrate 

than  can  be  secured  with  any  other  dewatering  device.  It  is  equally 
applicable  to  cyanidation  and  to  dewatering  aod  filtration  generally. 
A  drier  concentrate  means  reduced  shipping  costs,  elimination  of 
losses  in  transit. 


A  Purtluiid  Coiitiiiiious  I'iltcr  means  a  filter  of  disliiictiv(>  fcattirce.  A 
cij[ii|>lele  machiac  is  dclivpred  to  the  buj'cr.  PnlcnWd  features  aosiire 
iiiuiimum  filttiriiig  efficipiiRy.  sW.idy  service,  the  delivery  of  a  uniForm  cak^, 
the  delivery  of  I,  2  or  il  6ltrate8  as  deiitred,  elo»e  and  easy  rcgulatiiin. 
Selected  in  preference  to  all  othrrii  by  the  muiit  prominent  miniiie  roni- 
liiiiiics,  Utah  Copper,  Ray  Cipiisulidatcd  Copper,  Chiiio  Copper,  Butte  A 
Si  1  pi' ri or  Copper,  Consulidalud  Arizona  Smelting,  American  Ziiic,  Utiih- 
Apex  and  many  othura. 

No  royalty  to  pay,  no  anxictv  about  patent  litiKation.  We  guarantee  that 
the  Portland  Continuous  Filler  dues  not  iiifrinKc  auy  loKnl  rinlils  of  olber 
patent  owners. 
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AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  Vest  39tli  Street,  J^ew  York,  N*  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr. 


(Name  In  Full) 


Occupation. 
Address 


is  hereby  proposed  by  the  undersigned,  us  u 


of  the  American  Institute  of  Mining  Engineers. 


BlffDAturei  of  three 

Member!  or 

JkiiooUlei. 


PZoce  of  birth. 


Year  ofUrth. 


EducaMon,  general  and  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 


DaUs 


Record  of  experience.  Briefly,  the  past  and  present  emploj/rneiU, 
with  names  of  employers,  companies  and  associates.  (Proper  names, 
names  of  companies,  etc.,  should  he  written  without  aJbbreviationsJ 


Dates 


Present  poeiUan: 


(If  the  applicant  has  pre^iouily  been  proposed  as  a  Member.  Aaaooiate  or  Junior  Member  of  the  Institute  • 
this  fact  should  be  sUted.) 

I  agree,  if  elected,  to  accept  election  within  four  months,  and  to  abide  by  the  Consti- 
tution and  By-Laws 


Signature  of  Applicant:  _ 


Dated 
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EJXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  IL— Members. 

Beo.  1.  The  xnemberehlp of  the  Institute  shall  comprise  four  classes,  namely:  1.  Members*  2.  Hon 
orary  Hemt>eFa  ;  8.  Associates ;  4.  Junior  Members.  •  •  •  '  ' 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  In  the  Institute,  namel  j :  mu 
Members,  a.11  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  persona 
•cuvelj  enera^ed  In  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  AssoclateB  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  DItm^*. 
are  suitable.  *'"«v«jr» 

As  Junior  Sff  embers,  all  students  in  good  standing  in  engineering  schools  who  haye  not  taken  thalr 
»***  ^'^  ®  nominated  by  at  least  two  of  their  instructors.  •  •  • 

ETery  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  fop  election 
JiL:^^*  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membetshin  mm. 
■cribed  In  tl^e  By-Laws,  and  must  be  elected  by  the  Board  of  Directors.  *^' 
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SPECIAL  TRAIN  TO  THE  ARIZONA  MEETING 

As  already  announced,  the  Arizona  Meeting  of  the  Institute  is  to  be 
held  from  the  18th  to  the  25th  of  September.  There  will  be  a  special 
train  from  New  York  City  to  Arizona  and  return,  to  take  members  and 
guests  of  the  Institute  to  the  meeting.  The  Committee  in  charge  consists 
of  Walter  Douglas,  Chairman,  Cleveland  E.  Dodge,  John  C.  Greenway, 
Arthur  S.  Dwight  and  Julius  Kruttschnitt,  Jr.,  and  while  the  plans  of 
this  Committee  are  not  complete,  it  may  be  announced  that  the  train  will 
be  run  with  the  requisite  number  of  Pullman,  dining  and  baggage  cars  to 
accommodate  those  who  desire  to  go,  which  will  accompany  the  party 
during  the  entire  week  of  the  Arizona  Meeting  as  per  the  following  pro- 
-am, including,  of  course,  the  visit  to  the  Grand  Canyon. 

As  soon  as  details  have  been  worked  out,  a  circular  will  be  issued  giv- 
ing full  information  concerning  the  trip. 
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ARIZONA  MEETING,  SEPTEMBER  18  to  24,  1916 

The  Arizona  Committee,  consisting  of 

Gerald  F.  G.  Sherman,  Chairman, 
Arthur  Notman,  Secretary, 
Norman  Carmichabl,  B.  Britton  Gottsberger, 

W.  L.  Clark,  J.  C.  Grbenway, 

W.  G.  McBride,  Forest  Rutherford, 

has  arranged  the  following  program  for  the  Arizona  Meeting,  which  has 
been  approved  by  the  President  of  the  Institute  and  by  the  Executive 
Committee.  It  is  printed  herewith  for  the  information  of  members,  and 
probably  will  not  be  changed  in  any  material  respect. 

Sunday,  September  17,  1916. — Arrive  at  El  PasO)  Texas,  2.40  p.m., 
leave  10.20  p.m. 

Monday,  September  18,  1916. — Arrive  at  Deming,  N.  Mex.,  12:47 
A.M.  Arrive  at  Santa  Rita,  N.  Mex.,  4.00  a.m.,  where  luncheon  will 
be  served,  after  which  there  will  be  a  visit  to  the  Chino  mines.  From 
there  the  train  will  proceed  to  Hurley,  N.  Mex.,  where  a  visit  will  be 
made  to  the  mill  of  the  Chino  Copper  Co. 

Tuesday,  September  19,  1916. — ^Arrive  at  Douglas,  Ariz.,  at  8.00  a.m. 
The  morning  will  be  sptot  at  the  reduction  works  of  the  Copper  Queen 
Consolidated  Mining  Co.  and  of  the  Calumet  &  Arizona  Mining  Co. 
After  luncheon  a  technical  session  will  be  held,  with  "Smelting"  as  a 
special  subject  for  discussion.  There  will  be  a  banquet  in  the  evening, 
followed  by  another  technical  session  or  a  business  meeting. 

Wednesday,  September  20,  1916. — Special  train  will  arrive  at  Bisbee, 
Ariz.,  at  7.00  a.m.,  and  the  morning  will  be  devoted  to  visiting  the  mines 
of  the  district.  After  luncheon,  a  technical  session  will  be  held  with 
"Mining  and  Geology"  as  the  special  subject  of  discussion.  In  the 
evening  there  will  be  a  banquet  at  the  Warren  District  Country  Club, 
followed  by  a  social  evening;  the  special  train  leaving  at  10.00  p.m. 

Thursday,  September  21,  1916. — Arrive  at  Globe,  Ariz.,  at  9.00  a.m. 
The  morning  will  be  spent  in  visits  to  the  mines  of  the  Old  Dominion 
Copper  Co.  After  luncheon  a  technical  session  on  the  subject  of  "  Min- 
ing and  Smelting"  will  be  held  and,  after  a  banquet  in  the  evening,  there 
wS  be  a  technical  session  on  the  subject  of  "Leaching." 

Friday,  September  22,  1916. — In  the  morning  visits  will  be  made  to 
the  reduction  works  of  the  Old  Dominion  Copper  Co.,  the  International 
Smelting  &  Refining  Co.,  and  the  mill  of  the  Miami  Copper  Co.  After 
luncheon,  the  subject  of  the  technical  session  will  be  "Concentration  and 
Flotation."    A  banquet  will  be  held,  followed  by  a  social  evening. 

Ray. — Members  desiring  to  visit  Ray,  Ariz.,  may  leave  by  automobile 
in  the  afternoon,  visiting  mines  the  next  morning  and  reaching  Phoenix 
in  time  to  join  the  party  going  to  the  Grand  Canyon. 

Saturday,  September  23,  1916. — Those  who  do  not  take  the  Apache 
Trail  trip  will  arrive  in  the  special  train  at  Phoenix,  Ariz.,  at  6.00  p.m. 
The  special  train  will  leave  for  the  Grand  Canyon  at  8.00  p.m. 

Apache  Trail  Trip  and  Roosevelt  Dam. — Members  desiring  to  take 
the  Apache  Trail  trip  including  a  visit  to  the  Roosevelt  Dam  will 
leave  Globe  by  automobile  on  the  morning  of  Saturday,  reaching  Phoenix 
that  evening. 
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Jerome. — Members  desiring  to  visit  Jerome  should  communicate 
with  the  Secretary  in  order  that  special  arrangements  may  be  made 
at  Jerome  and  meet  the  special  train  for  the  Grand  Canyon  at  Jerome 
Junction. 

Sunday^  September  24,  1916. — ^Arrive  at  El  Tovar,  Grand  Canyon,  at 
8.00  A.M.  All  day  Sunday  will  be  available  to  those  members  of  the 
party  who  desire  to  take  some  of  the  famous  horseback  rides  into  the 
Grand  Canyon  or  rides  or  drives  along  the  rim  to  various  points  of 
interest. 


NOMINATIONS  FOR  OFFICERS 

The  suggestions  of  the  members  of  the  Institute  are  very  much  desired 
by  the  Committee  on  Nominations  prior  to  deciding  upon  its  nomina- 
tions to  fill  the  places  of  those  officers  who  retire  early  in  1917.  The 
Committee  must  make  its  final  report  to  the  Board  of  Directors  early  in 
October.  The  members  are,  Tiherefore,  asked  to  send  in  promptly  their 
suggestions  for  Directors  as  well  as  for  Vice-Presidents  and  President. 
The  Committee  hopes  to  hear  from  a  large  number  of  the  members. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1917, 
are: 

One  officer,  known  as  Director  and  President; 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Con- 
stitution, and  to  By-Law  XIII,  which  reads  as  follows: 

"The  geographical  districts  to  be  considered  by  the  Committee  on  Nominations 
shall  be  as  follows,  until  otherwise  ordered  bv  the  Board. 

District  No.  1.  New  England,  New  York,  and  New  Jersey,  excepting  New  York 
CiW  and  district,  which  is  provided  for  in  the  Constitution.  (N.  B. — New  York-  City 
and  district  is  designated  District  0.) 

District  No.  2.    Pennsylvania. 

District  No.  3.     Ohio,  Indiana,  Illinois,  Iowa,  and  Missouri. 

District  No.  4.     Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  Montana,  North  and  South  Dakota,  Wyoming,  Nebraska, 
Kansas,  Washington,  Oregon,  Idaho,  and  Alaska. 

District  No.  6.     California  and  Nevada. 

District  No.  7.     Utah,  Colorado,  Arizona,  and  New  Mexico. 

District  No.  8.    Louisiana  and  Texas. 

District  No.  9.     Other  Southern  States  and  District  of  Columbia. 

District  No.  10.     Mexico. 

District  No.  11.     Canada." 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  follows: 

"In  making  such  selections  [namely,  the  8  Directors  to  be  elected],  the  Nominating 
Committee  shall,  so  far  as  practicable,  distribute  the  representation  on  the  Board 
geographically,  so  that  seven  members  shall  be  residents  of  the  district  including 
New  York  City  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  of 
the  Institute,  and  one  member  a  resident  of  each  of  the  geographical  districts  enu- 
merated in  the  By-Laws." 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows : 
President,  L.  J).  Ricketts  (not  eligible  for  re-election). 
Past  President,  Benjamin  B.  Thayer. 
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Vice-Presidents,  H.  C.  Hoover,  District  6;  Joseph  W.  Richards,  Dis- 
trict 2. 

Directors,  Reginald  W.  Brock,  District  11;  Albert  R.  Ledoux,  Dis- 
trict 0;  D.  C.  Jackling,  District  7;  Charles  W.  Merrill,  District  6;  Henry 
L.  Smyth,  District  1. 

Last  year  an  unusually  large  vote  was  cast  for  officers,  and  it  is  hoped 
that  members  will  show  a  simUar  interest  and  activity  in  communicating 
to  the  Committee  their  views  regarding  the  men  best  fitted  to  fill  the 
vacancies. 

Communications  should  be  sent  to  the  Chairman  of  the  Committee 
on  Nominations,  1208  Hollingsworth  Bldg.,  Los  Angeles,  Cal. 

Seeley  W.  Mudd, 

Chairman,  Committee  on  Nominations. 


PROCEEDINGS  OF  THE  MEETING  OF  THE  BOARD  OF 

DIRECTORS,  MAY  26,  1916 

The  following  members  were  appointed  on  the  Committee  Advisory 
to  the  U.  S.  Bureau  of  Standards: 

Arthur  S.  D wight  (Lead). 

John  Fairfield  Thompson  (Nickel). 

The  reports  of  the  Committee  in  charge  of  the  Arizona  Meeting  and 
the  Committee  on  Transportation  to  the  Arizona  Meeting  were  accepted 
with  the  thanks  of  the  Board. 

The  By-Laws  of  the  Nevada  Section  of  the  Institute  were  approved. 

The  subscription  price  of  the  Bulletin  to  non-members  of  the  Institute 
was  increased  to  $12  per  year  beginning  with  January,  1917.  This  in- 
crease does  not  affect  the  reduced  price  of  $5  on  extra  copies  of  the 
Bulletin  which  are  sold  to  members,  libraries  and  sister  societies. 

Mr.  Sidney  J.  Jennings  was  appointed  delegate  of  this  Institute  on 
a  Committee  of  Conference  to  act  with  the  National  Academy  of  Science. 


PERSONAL 


(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  called  at  Institute  headquarters  during  the 
period  May  10,  1916  to  June  10,  1916: 


G.  Aertsen,  Philadelphia,  Pa. 
Frederick  C.  Alsdorf,  Wickenburg,  Ariz. 
A.  H.  Anderson,  Worcester,  Mass. 
J.  H.  Batcheller,  Mattapoisett,  Mass. 
Arthur  B.  Clark,  Sheridan,  Mont. 
J.  Murray  Clark,  Toronto,  Canada. 
J.  H.  Collier,  Oakland,  Cal. 
H.  S.  Emlaw,  Spring  Lake,  Mich. 
E.  L.  Estabrook,  Platteville,  Wis. 
James  W.  Hambleton,  El  Paso,  Tex. 
James  Henderson,  London,  England. 
G.  P.  Hulst,  East  Chicago,  Ind. 
William  F.  Jahn,  Riebeling,  Mont. 


Hennen  Jennings,  Washington,  D.  C. 
H.  M.  LaFollette,  LaFollette,  Tenn. 
E.  T.  Lednum,  Chicago,  III. 
Francis  Church  Lincoln,  Keno,  Nev. 
H.  Mortimer-Lamb,  Montreal,  Canada. 
Andrew  W.  Newberry,  San  Francisco,  Cal. 
C.  E.  Pettibone,  Cleveland,  O. 
Heinrich  Ries,  Ithaca,  N.  Y. 
C.  S.  Robinson,  Youngstown,  O. 
M.  K.  Rodgers,  Basin,  Mont. 
E.  J.  Rossbach,  St.  Louis,  Mo. 
J.  B.  Tyrrell.  Toronto,  Canada. 
G.  B.  Waterhouse,  Buffalo,  N.  Y. 
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H.  S.  Elimball  has  been  elected  President  of  the  Aetna  Explosives  Co., 
Inc. 

A.  J.  Moxham,  formerly  president  of  •the  Aetna  Explosives  Co.,  Inc., 
has  become  chairman  of  the  board. 

A.  D.  Little  has  been  appointed  head  of  a  bureau  to  co-ordinate  the 
work  of  scientific  research  in  Canada  at  Montreal. 

George  J.  Young,  formerly  director  of  the  Mackay  School  of  Mines, 
Reno,  Nev.,  has  been  elected  Professor  of  Metallurgy  at  the  Colorado 
School  of  Mines  beginning  September,  1916. 

Arthur  J.  Hoskin  has  resumed  partnership  with  Frank  J.  McNeir, 
with  headquarters  at  Leadville,  Colo. 

Bertram  D.  Coleman  has  resigned  his  position  as  a  Director  of  the 
Pennsylvania  Steel  Co.  and  of  the  Cornwall  Ore  Banks  Co. 

H.  C.  Wilmott  has  joined  the  staff  of  the  Andes  Exploration  Co., 
Santiago,  Chile. 

George  E.  Farrish  has  been  appointed  Consulting  Engineer  for  the 
Tri-BulUon  Smelting  &  Development  Co.  of  New  York. 

San^uel  M.  Vauclain  has  been  elected  a  director  of  the  Westinghouse 
Electric  &  Manufacturing  Co. 

Andrew  W.  Newberry  and  Dr.  Francis  Church  Lincoln,  Director  of 
the  Mackay  School  of  Mines,  University  of  Nevada,  Reno,  Nev.,  sailed 
from  New  York  City  on  May  27,  bound  for  Peru  and  Bolivia  on  mining 
business. 

N.  H.  Darton  has  returned  from  Cuba,  where  he  has  been  investi- 
gating prospects  for  artesian  water  on  one  of  the  large  sugar  plantations 
near  Guantanamo. 

E.  B.  Durham  has  joined  the  engineering  staff  of  the  Mammoth  Cop- 
per Mining  Co.,  Kennett,  Cal.,  and  is  engaged  in  the  design  and  erection 
of  an  aerial  tramway  at  the  Stowell  Mine,  near  Kennett. 

E.  I.  Montoulieu,  of  the  Department  of  Public  Works  of  the  Govern- 
ment of  Cuba,  is  at  the  United  States  Mint  at  Philadelphia  in  the  capacity 
of  Technical  Expert  and  Inspector  for  his  Government,  in  connection 
with  the  new  coinage  of  the  Republic.  From  March,  1915,  when  the 
coinage  was  started,  to  date,  a  total  of  62,474,740  .pieces  of  gold,  silver 
and  nickel,  valued  at  $29,952,203  U.  S.  currency,  have  been  shipped  to 
Havana. 

Robert  J.  Anderson  has  accepted  a  position  as  metallurgist  with  the 
American  RoUing  Mill  Co.,  Middletown,  Ohio. 

Lyon  Smith  has  accepted  appointment  as  metallurgist  for  the  Snyder 
Electric  Furnace  Company  with  headquarters  at  Chicago,  111. 

G.  H.  Cunningham,  Superintendent  of  Construction  for  Zinc  Electro- 
lytic Plants,  Washoe  Reduction  Works,  Anaconda,  Mont.,  has  recently 
been  appointed  Construction  Engineer  in  charge  of  installation  of  equip- 
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ment  in  the  new  100  ton  Zinc  Electrolytic  Plant  which  the  Anaconda 
Copper  Mining  Go.  is  building  at  Great  Falls,  Mont. 

Albert  A.  Leach  has  been  promoted  to  Chief  Geologist  of  the  Burro 
Mountain  Copper  Co.,  at  Tyrone,  New  Mexico,  a  Phelps-Dodge 
Corporation. 


POSITIONS  VACANT 

A  steel  manufacturing  company  is  desirous  of  securing  an  assistant 
superintendent  for  its  plant.  Experience  in  open-hearth  plants  and  in 
rolling  mills  particularly  desirable.    No.  112. 

Opening  as  assistant  superintendent  of  a  non-ferrous  smelting  plant. 
Man  with  metallurgical  experience  preferred  but  chief  essential  is  ability 
to  handle  men.    No.  114. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  aged  41,  mining  engineer,  manager  or  general  superintend- 
ent, 20  years'  experience,  10  years  in  Mexico,  5  years  Western  States,  5 
years  abroad.  Guarantee  results,  fluent  Spanish,  excellent  references. 
New  York  interview.     No.  282. 

Member,  technical  mining  graduate,  10  years'  experience,  especially  in 
design,  erection,  construction  and  purchase  of  power  and  mining  equip- 
ment and  supplies,  desires  position  in  purchasing  department.  Married, 
aged  32,  employed  at  present,  references  furnished.     No.  295. 

Member,  technical  graduate,  B.S.  and  E.M.  degrees.  Ten  years' 
experience  in  metal  and  coal  mines  and  metallurgical  plants.  Open  for 
engagement  as  superintendent  or  manager.  Available  at  30  days'  notice. 
Interview  in  Chicago,  New  York,  or  Pittsburgh.     No.  296. 

Member,  aged  33,  broad  technical  education  and  12  years' .  general 
mining  experience  with  especial  experience  in  preliminary  examinations, 
wishes  position  with  examining  engineers  or  exploration  company. 
Salary  not  first  consideration.     No.  297. 

Member,  B.S.  in  Chemistry,  aged  29,  now  and  for  the  past  seven  years 
with  large  custom  copper  smelter,  expert  in  control  assa3dng  of  all  kinds 
of  ores  and  products  of  copper  and  associated  metals.  Has  had  general 
experience  with  blast  furnaces,  reverberatories,  roasters,  converters  and 
sampling  works  in  preparation  for  position  as  assistant  superintendent. 
Health  and  habits  O.K.  Fluent  Spanish,  fair  French  and  German. 
Married.     No.  298. 

Member,  Cornell  M.  E.  graduate,  aged  31,  married.  Will  soon  com- 
plete two  years'  engagement  in  the  Russian  oil  fields.  Eight  years' 
practical  experience  in  drilling  for  and  producing  oil.  Can  speak  Rus- 
sian fluently  and  some  French  and  German.  Open  for  engagement. 
Interview  after  August  15th  in  the  United  States.    No.  299. 
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LOCAL  SECTION  NEWS 

NEVADA  SECTION 

J.  W.  Hutchinson,  Chairman^ 
Francis  Church  Lincoln,  Vice-Chaimian, 
Henry  M.  Rives,  Secretary-Treasurer ,  Reno,  Nevada 
W.  H.  Blackburn,  E.  A.  Julian, 

Emmet  D.  Boyle,  John  G.  Kirchen, 

Frederick  Bradshaw,  C.  B.  Lakenan, 

Tasker  L.  Oddie. 

The  formation  of  the  Nevada  Section  was  originally  suggested  by 
Professor  F.  C.  Lincoln,  who  had  discussed  the  subject  with  Mr.  William 
L.  Saunders  when  the  latter  was  President  of  the  Institute.  Professor 
Lincoln  sought  the  assistance  of  the  Nevada  Mine  Operators'  Associa* 
tion,  whose  Executive  Committee  constituted  itself  a  Committee  on 
Organization,  and  authority  for  the  establishment  of  a  Nevada  Section 
to  include  the  entire  State  was  secured  from  the  Board  of  Directors  of 
the  Institute. 

The  formal  installation  took  place  at  10  a.m.  on  May  18,  Mr.  William 
L.  Saunders  officiating.  The  Honorable  Emmet  D.  Boyle,  Governor  of 
Nevada  (and  a  member  of  the  Nevada  Section),  made  the  address  of 
welcome. 

On  the  afternoon  of  the  same  day,  a  technical  session  was  held,  at 
which  the  following  papers  were  presented: 

History  and  Development  of  the  Cyanide  Process Charles  Butters 

Virginia  City Whitman  Symmes 

Ore  Deposition  at  Steamboat  Springs Prof.  J.  C.  Jones 

At  noon  on  the  18th,  the  Nevada  Section  tendered  a  luncheon  to  the 
ladies  accompanying  members,  this  luncheon  being  in  charge  of  Mrs. 
Emmet  D.  Boyle,  Mrs.  Francis  C.  Lincoln  and  Mrs.  Henry  M.  Rives, 
and  in  the  evening  the  first  banquet  of  the  Nevada  Section  was  held. 
At  the  conclusion  of  the  banquet,  Professor  Lincoln  delivered  an  illus- 
trated lecture  on  The  Evolution  of  Mining. 

On  the  17th,  occurred  the  Commencement  Exercises  of  the  University 
of  Nevada,  a  Conmiercial  Club  luncheon  in  honor  of  the  Hon.  Charles  A. 
Towne,  the  reception  to  the  friends  and  guests  of  the  University  at  the 
residence  of  President  Hendrick,  and  the  Alumni-Senior  Ball.  At  this 
ball,  the  members  and  ladies  were  guests  of  the  Alumni  Association  of  the 
University. 

On  the  19th,  the  party  motored  to  Virginia  City,  where  an  opportunity 
for  seeing  the  Mexican,  Consolidated  Virginia,  and  other  mines,  was  of- 
fered through  the  courtesy  of  Mr.  Whitman  Symmes  and  Mr.  T.  F. 
McCormick.  On  the  return  trip,  a  stop  was  made  at  Carson,  where  the 
party  was  received  at  the  Governor's  Mansion  by  Governor  and  Mrs. 
Boyle. 
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CHICAGO  SECTION 

Charles  H.  MacDowell,  Chair  man , 
Luther  V.  Rice,  Vice-Chairmariy 
Henry  W.  Nichols,  Secretary-Treasurer ^  1645  E.  68  St.,  Chicago,  111. 
Alexander  K.  Hamilton,  Henry  P.  Howland, 

George  P.  Hulst,  Frederick  T.  Snyder. 

,  ^The  President  and  the  Secretary  of  the  Institute  were  guests  of  the 
Chicago  Section  at  its  dinner  and  meeting  of  May  22. 

The  talks  and  discussions  after  the  dinner  clung  persistently  to  the 
subject  of  conservation  of  mineral  resources. 

Dr.  Ricketts  told  of  the  great  economies  effected  by  the  copper  smelt- 
ers in  recent  years,  and  showed  that  similar  methods  can  be  applied  to 
the  other  metallurgical  industries. 

Mr.  Bradley  Stoughton  told  of  the  Institute's  interest  in  its  sections 
and  of  its  plans  for  increasing  the  importance  of  the  sections. 

Mr.  F.  L.  Peabody,  of  the  Peabody  Coal  Co.,  spoke  of  the  great  waste 
in  coal  mining  in  this  country.  He  said  that  the  average  extraction  of 
coal  in  Germany  is  97  J^  per  cent,  as  compared  with  about  60  per  cent,  in 
Illinois.  He  said  that  to  permit  a  high  extraction  there  must  be  a  Federal 
law  compelling  the  use  of  a  retreating  system  for  coal  mining,  as  it  would 
be  impossible  for  mines  operated  on  this  system  to  compete  with  mines 
operated  along  the  present  lines.  Mr.  Peabody  showed  moving  pictures 
of  both  the  above-ground  and  the  underground  operation  of  two  large 
Illinois  coal  mines,  one  of  which  hoists  8000  tons  through  one  shaft  in 
eight  hours. 

The  discussion  of  the  papers  showed  that  the  section  was  heartily  in 
favor  of  the  kind  of  conservation  advocated  by  the  speakers;  that  is,  not 
the  withholding  from  use,  but  the  avoidance  of  all  waste  when  extracting 
and  using. 

There  were  47  guests  and  members  present. 

H.  W.  Nichols,  Secretary. 


ST.  LOUIS  SECtlON 

C.  J.  Adami,  Chairman, 

Herman  Garlich,  F.  W.  De  Wolf,  M.  M.  Valerius,  Vice-Chairmen, 

W.  E.  McCouRT,  Secretary-Treasurer,  Washington  Univ.,  St.  Louis,  Mo. 

A.  W.  Dickinson,  Charles  T.  Orr, 

C.  R.  Forbes,  F.  D.  Rash, 

Arthur  Thacher. 

The  annual  meeting  of  the  St.  Louis  Section  was  held  at  the  St.  Louis 
Club  on  May  20,  1916.  The  meeting  was  preceded  by  a  dinner,  at  which 
were  present  53  members  and  guests,  including  Dr.  L.  D.  Ricketts,  Presi- 
dent of  the  Institute,  and  Mr.  Bradley  Stoughton,  Secretary.  Mr. 
Philip  N.  Moore  presided  at  the  meeting. 

Dr.  Ricketts  addressed  the  Section  on  the  subject  of  The  Present 
Condition  and  Outlook  of  the  Copper  Industry  of  the  West,  and  Mr. 
Stoughton  on  the  subject  of  Local  Sections. 

The  members  elected  the  Executive  Committee  for  the  ensuing  year 
as  shown  above. 
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About  35  members  spent  the  day  visiting  the  coke  plant  of  the  Laclede 
Gas  Light  Co.  in  St.  Louis,  and  the  works  of  the  Hoyt  Metal  Co.,  and  the 
National  Stamping  and  Enameling  Company  of  Granite  City,  Illinois. 

The  membership  of  the  Section  is  now  184. 

W.  E.  McCoTJRT,  Secretary, 


PUGET  SOUND  SECTION 

Glenville  a.  Collins,  Chairman^ 

H.  L.  Manley,  Vice-Chairmanj 

Amos  Slater,  Secretary-Treasurer ,  1043  Henry  Bldg.,  Seattle,  Wn. 

John  N.  Pott,  I.  F.  Laucks. 

The  monthly  meeting  of  the  Puget  Sound  Section  was  held  at  the 
Arctic  Club,  May  18,  1916,  at  6.30  p.m. 

After  dinner  had  been  served,  the  meeting  was  called  to  order  by  the 
Chairman. 

The  Chairman  suggested  that  this  section  hold  a  Mining  Convention 
this  coming  winter.  This  was  placed  in  form  of  a  motion  and  carried. 
A  committee  of  three — Chester  F.  Lee  (Chairman),  I.  F.  Laucks  and 
Joseph  Daniels — was  appointed  to  investigate  and  arrange  as  far  as 
possible,  and  to  report  progress  to  the  Executive  Board. 

Milnor  Roberts  outlined  the  work  of  the  Bureau  of  Mines  in  establish- 
ing branches  in  the  different  States,  and  suggested  that  the  Puget  Sound 
Section  assist  in  obtaining  a  station  for  the  University  of  Washington. 
This  was  placed  in  the  form  of  a  motion,  and  after  discussion  the  motion 
was  carried. 

The  Chairman  called  upon  Capt.  A.  O.  Powell,  Chairman  of  the  Asso- 
ciate Naval  Consulting  Board  of  the  United  States,  to  explain  the  work 
of  this  Board  in  relation  to  the  State  of  Washington.  Capt.  Powell 
responded,  outlining  the  work  of  the  Board  and  telling  how  they  expect 
to  accomplish  such  work. 

The  Chairman  then  introduced  the  speaker  for  the  evening,  Mr.  John 
C.  Ralston,  of  Spokane,  who  delivered  an  address  on  the  Catskill  Water 
Supply  of  New  York  City,  using  lantern  slides  for  illustration.  This 
address  was  exceedingly  interesting,  and  called  forth  discussion  at  the 
end  of  the  lecture. 

The  Chairman  thanked  Mr.  Ralston  in  behalf  of  the  Section,  and  the 
meeting  adjourned. 

Amos  Slater,  Secretary. 


SAN  FRANCISCO  SECTION 

T.  A.  RiCKARD,  Chairman, 
W.  H.  Shockley,  Vice-Chairman, 
C.  E.  Grunsky,  Jr.,  Secretary-Treasurer ,  57  Post  St.,  San  Francisco,  Cal. 
E.  A.  Hersam,  H.  W.  Young. 

On  May  31,  1916,  the  San  Francisco  Section  gave  a  dinner  in  the 
rooms  of  the  Engineers'  Club.  A  number  of  the  members  of  the  San 
Francisco  Association  of  the  American  Society  of  Civil  Engineers  were 
present  in  response  to  an  invitation  extended  to  them. 

Dr.  John  Casper  Branner,  member  of  the  Commission  of  the  National 
Academy  of  Sciences  which  recently  visited  the  Isthmus  of  Panama  at 
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the  request  of  President  Wilson,  delivered  an  address  on  The  Panama 
Canal  Slides.  He  called  attention  to  the  dangerous  conditions  on  the 
Isthmus  which  may  lead  to  further  movement  of  these  large  earth  masses. 
A  discussion  which  was  participated  in  by  C.  E.  Grunsky  (A.  S.  C.  E.), 
George  L.  Dillman  (A.  S.  C\  E.),  Dr.  A.  C.  Lawson,  and  others,  brought 
out  many  details  of  the  history  of  the  Canal  slides.  It  was  pointed  out 
that  slides  were  already  in  evidence  in  Culebra  Cut  at  the  time  the  French 
withdrew  and  the  United  States  took  up  the  task  of  completing  the  Canal. 

C.  E.  Grunsky,  Jr,  Secretary. 


AFFILIATED  STUDENT  SOCIETY  NOTES 

The  Mining  and  Geological  Society  of  Lehigh  University  has  elected 
the  following  officers  for  the  ensuing  year. 

R.  L.  McCann,  President, 
Alan  E.  Dynan,  Secretary. 

The  Society  was  fortunate  in  securing  for  the  April  and  May  meetings 
the  following  speakers,  who  gave  addresses  on  the  subjects  indicated: 

Prof.  E.  S.  Moore  of  Pennsylvania  State  College,  on  Mining  Con- 
ditions in  Australia  and  India. 

Mr.  D.  S.  Chamberlain  of  the  Lehigh  Coke  Company,  on  What  Conies 
from  a  Ton  of  Coal. 

Alan  E.  Dynan,  Secretary. 

The  Student  Branch  at  the  Ohio  State  University  has  held  a  number 
of  meetings  during  the  past  few  months,  and  has  listened  to  the  following 
talks: 

India  and  the  Far  East.    By  Mr.  J.  K.  Bowden. 

Bauxite  Deposits  in  the  Southern  U.  S.     By  Mr.  E.  H.  Shriver. 

Steel  Making  at  Gary.     By  Mr.  E.  C.  Smith. 

Natural  Gas.     By  Mr.  E.  C.  Ramsey. 

A  Summer  in  Bingham  Canyon.     By  Walter  Carroll. 

The  Branch  gave  a  dance  in  March  and  has  organized  a  string  orches- 
tra and  a  baseball  team.  We  hope  for  a  bigger  and  better  society  next 
year. 

We  are  dependent  to  a  large  extent  on  visiting  Alumni  for  our  talks, 
and  this  makes  impossible  any  fixed  program. 

W.  J.  PoucHOT,  President. 

The  Illinois  Student  Branch  closed  its  work  for  the  year  by  having 
two  smokers.  These  were  held  at  fraternity  houses  upon  invitation  of 
members  of  the  society,  and  were  well  attended. 

At  the  first  smoker  an  informal  discussion  was  held  upon  the  subject 
of  Mine  Safety.  At  the  second  meeting  the  subject  of  discussion  was 
Mining  Finance.  Formal  papers  were  not  attempted,  but  the  informal 
discussions  were  very  generally  participated  in,  so  that  the  two  closing 
meetings  were  probably  the  most  successful  held  throughout  the  year. 

As  one  result  of  the  Safety  First  discussion,  the  members  expressed 
a  desire  to  establish  in  the  fall  a  voluntary  class  for  systematic  first-aid 
instruction,  looking  toward  the  securing  of  certificates  from  the  National 
Red  Cross,  the  United  States  Bureau  of  Mines  or  the  Mine  Rescue 
Station  Commission  of  the  State  of  IlUnois. 
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LIBRARY 

American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to  * 
10  p.m.  on  all  week-days,  except  holidays,  from  Sept.  1  to  June  30,  and 
from  9  A.M.  to  6  p.m.  during  July  and  August.    The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientifit;  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  soUcitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 

LiBRART  Accessions 

Partial  List  Classified  by  Subjects 

Mining 

Coal  Mine  Fatalities  in  the  United  States,  1915.    List  of  permissible  explosivesi 

lamps  and  motors  tested  prior  to  January  1,  1916.     Washington,  1916. 
ExpLosiBiLiTY  07  Gabes  fbom  Mine  Fibes.    Tech.  Paper  134,  U.  S.  Bureau  of  Mines. 

Washington,  1915. 
Explosives  for  Shalb  and  Clat  Blasting.     Wilmington,  1916.     (Gift  of  E.  I. 

du  Pont  de  Nemours  &  Co.) 
Instruments  for  Recording  Carbon  Dioxide  in  Flue  Gases.    Bull.  91,  U.  S. 

Bureau  of  Mines.    Washington,  1916. 
Inflammability  of  Illinois  Coal  Dusts.     Bull.  No.  102,  U.  S.  Bureau  of  Mines. 

Washington,  1916. 
Mine  Ventilation  Stoppings,  with  Especial  Reference  to  Coal  Mines  in 

Illinois.     Bull.  No.  99,  U.  S.  Bureau  of  Mines.     Washington,  1915. 
Practical  Shaft  Sinking.     By  Francis  Donaldson.     New  York,  1910. 
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Metallurgy  and  Chemistry 

Chemische  Technologie.     By  Fr.  Heusler.    Leipzig,  1905. 

Die  Chbmie  deb  Kohle.     By  F.  W.  Hinrichsen  &  S.  Taczak.     Ed.  3.    Leipzig,  1916. 

Foundryman's  Reference  Book.     By  J.  F.  Bowe.     Pittsfield,  n.d. 

History  of  the  Iron,  Steel,  Tinplate  and  Other  Trades  of  Wales.     By  Charles 

Wilkins.     Merthyr  Tyofil,  1903. 
Metallurgy  of  Gold.     Ed.  6.     By  T.  K.  Rose.    London,  1915. 
Steel,  and  Its  Heat  Treatment.     By  Denison  K.  Bullens.     New  York,  J.  Wiley 

&  Sons,  1916.     (Gift  of  Publishers.) 

[Note. — ^This  work  takes  up  the  heat  treatment  of  steel  for  annealin^^,  hardening, 
tempering  and  case  carburizing.     It  has  chapters  on  special  steels  and  their  treatment, 
and  gives  descriptions  of  appropriate  apparatus.     W.  P.  C] 
The  Flotation  Process.     Compiled  and  edited  by  T.  A.  Rickard.     San  Francisco, 

1916. 

Geology  and  Mineral  Resources 

Coal  Resources  of  District  VIII  (Danville).  Bull.  No.  14,  Illinois  Coal  Mining 
Investigations.     Urbana,  1915. 

Geology  and  Geography  of  the  Galena  and  Elizabeth  Quadrangles.  Bull. 
No.  26,  Illinois  State  Geological  Survey.     Urbana,  1916. 

Great  Britain.  Mines  and  Quarries:  General  Report  with  Statistics  for 
1915.  Advance  proof  of  the  tables  relating  to  the  output  of  coal  and  other 
minerals  and  the  number  of  persons  employed  at  mines  worked  under  the  Coal 
and  Metalliferous  Mines  Acts  during  1915.     London,  1916. 

The  Anthracite  Coal  Fields  of  Pennsylvania,  and  Their  Exhaustion.  Harris- 
burg,  1881. 

Military  Engineering 

Construction  of  Improved  Ordnance.     By  Daniel  Treadwell.     Cambridge,  1862. 
Military  Aeroplanes.     By  G.  C.  Loening.     Ed.  2.     Boston,  1916. 
Modern  Guns  and  Gunnery,  1910.     By  H.  A.  Bethell.     Woolwich,  1910. 

General 

Applbtons'    New    Spanish-English    and    English-Spanish    Dictionary.     By 

Arturo  CuyAs.     New  York,  1916. 
Handbook  of  Formulas  and  Tables  for  Engineers.     Compiled  by  Clarence 

A.  Perice  and  W.  B.  Carver.     New  York,  1914. 
Handbuch  der  Radiologie.     By  Erich  Marx.     Band  III.    Leipzig,  1916. 
Harper's  Hydraulic  Tables  for  the  Flow  of  Water.     By  J.  H.  Harper,     New 

York,  1916. 
Straight  Line  Engineering  Diagrams.     By  Manifold  and  Poole.     San  Francisco, 

1911. 

Company  Reports 

Wallaroo  and  Moonta  Mining  and  Smelting  Company,  Ltd.  Annual  Report 
26th  Adelaide,  1915.     (Gift  of  H.  L.  Hancock.) 

Trade  Catalogs 

Chicago  Pneumatic  Tool  Co.,  Chicago,  111.     Bull.  No.  192.     Stone  tools,  stone 

dressers,  air  compressors  and  equipment  for  stone.     April,  1916. 

Form  249.     Chicago  Portable  Mine  Hoist,  Photographs  of. 
Diamond  Power  Specialty  Co.,  Detroit,  Mich.     Power  Notes.     April,  1916. 
Ingbrsoll-Rand  Co.,  New  York,  N.  Y. 

Form  3026.   " IngersoU-Rogler "  Class   "PRE"  duplex  direct-connected,  elec- 
trically driven  air  compressors.     March,  1916. 

Form  3312.  "Imperial  XB"  duplex  power-driven  air  compressors.     Nov.,  1915. 

Form  9023.  "Imperial"  Tie  tamping  outfits.     March,  1916. 
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Leschen  &  Sons  Rope  Co.,  St.  Louis,  Mo.     Ck>al  mining  in  southern    Indiana. 

May,  1916.  i 

National  Transit  Pump  and  Machine  Co.,  Oil  City,  Pa.     Bull.  405.     Horizontal 

gas  engmes. 
National  Tube  Co.,  Pittsburgh,  Pa.     Bull.  No.  25.     "National"  pipe  in  large 

buildings. 
Pensacola  Tar  and  Turpentine  Co.,  Gull  Point,  Fla.     Description  of  pine  flotation 

oils. 


A  BIBLIOGRAPHY  ON  VALUATION  OF  PUBLIC  UTILITIES 

The  Committee  on  Valuation  of  the  American  Electric  Railway  Asso- 
ciation, has  had  compiled  a  "Bibliography  on  Valuation  of  Public  Utili- 
ties." The  work  was  done  by  the  library  force  of  the  American  Society 
of  Civil  Engineers,  and  brings  up  to  Dec.  23,  1915,  a  bibliography  issued 
by  the  American  Society  of  Civil  Engineers  on  May  15,  1912.  * 

The  Bibliography  has  been  printed  and  issued  by  the  American 
Electric  Railway  Association,  8  West  40th  Street,  New  York,  N.  Y.,  and 
may  be  obtained  from  its  Secretary  on  the  payment  of  50  c. 

References  are  arranged  under  the  following  headings:  General, 
Electric  Light  and  Power,  Gas  Works,  Mining,  Railroads,  Steam  Power, 
Street  and  Inter-urban  Railways,  Telegraph  and  Telephone,  Water 
Power,  Water  Works. 

References  are  given  to  the  principal  technical  pubhcations,  to  various 
works  on  the  question  of  valuation,  to  rules  and  regulations  of  Commis- 
sions and  other  official  bodies,  and  to  the  proceedings  of  various  societies. 

Undoubtedly  the  compilation  is  the  most  comprehensive  that  has 
yet  been  published. 
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MEMBERSHIP 

New  MEBiBERS 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  May  10,  1916,  to  June  10,  1916: 

Abghibald,  John  Christib,  Min.  Engr.,  Supt.  of  Cyanide  Plant, 

Guanajuato  Reduction  Mines,  Guanajuato,  Mex. 

Brxtnelj  Frank  P.,  Cons.  Min.  Engr Mitchell  &  Brunei,  Ajo,  Ariz. 

Calvert,  William  Robert^Cods.  Geol.  . .  .225  Keams  Bldg.,  Salt  Lake  City,  Utah. 

Champion,  J.  R.,  Supt The  Yak  Mining,  Milling  &  Tunnel  Co.,  Leadville,  Colo. 

Charles,  LaVern  John,  Construction  Engr.,  Elephant  Butte  Dam, 

Elephant  Butte,  N.  M. 
Chastel,  Andre,  Min.  Engr.,  Societe  Miniere  &  Metallurgique  de  Penarroya, 

12,  Place  Vendome,  Paris,  France. 
Christie,  Wallace  H.,  Vice-Pres.  and  Mgr.,  Alta  Bert  Gold  Dredging  Co., 

604  Mission  St.,  &in  Francisco,  Cal. 

Clark,  Ronald Hardinge  Conical  Mill  Co.,  120  Broadway,  New  York,  N.  Y. 

Croblet,   Fred  W 408  E.   Bennett  Ave.,  Cripple  Creek.  Colo. 

D'Arcy,  Arthur  I.,  Min.  Engr.,  Atlanta  Mines  Co.,  P.  O.  Box  1775,  Goldfield,  Nev. 
Davenport,  John,  Min.  Engr.,  Supt.,  United  Mineral  Co.,  So.  Danbury,  N.  H, 
Dever,  p.  H.,  Asst.  Dist.  Supt.,  Delaware,  Lackawanna  &  Western  R.  R.  Co., 

Nanticoke,  Pa. 

DowNEB,  Frank  A.,  Assayer Aurora  Cons.  Mines,  Aurora,  Kcv. 

Fry,  Louis  D.,  Min.  Engr.,  Copper  Queen  Cons.  Min.  Co.,  P.  O.  Box  1358, 

Bisbee,  Ariz. 

Gill^Arthur  Hendrix Supt,  American  Smelt.  &  Ref.  Co.,  Maurer,  N.  J. 

VAN  Waterschoot  VAN  DER  Gracht,  W.  A.  I.  M.,  Geol.  and  Min.  Engr., 

Care  Roxana  'Petroleum  Co.,  Tulsa,  Okla. 

Griffith,  John  R.,  Research  Engr Norton  Co.,  Niagara  Falls,  N.  Y, 

Griswold,  George  Gary,  Supt.,  Smelting  &  Lead  Refining, 

American  Smelt.  &  Ref.  Co.,  Maurer,  N.  J. 
Guernsey,  John  B.,  Reorganization  Mgr.,  The  Low  Moor  Iron  Co.  of  Vp., 

Low  Moor,  Va. 

Harms,  Pxtrl  L.,  Mine  Sampler Homestake  Mining  Co.,  Lead.  So.  Dak. 

Harper,  Harry  Arthur,  Min.  Engr.,  Braden  Copper  Co.,  Rancagua,  Cnile,  S.  A. 

Hbnrib,  H.  C,  Chief  Chemist Copper  Queen  Cons.  Min.  Co.,  Bisbee,  Ariz. 

Jarvis,  William  R.,  Dist.  Mgr.,  Sullivan  Machinery  Co.  (Chicago,  111.), 

1613  Farmers  Bank  Bldg.,  Pittsburgh,  Pa. 
Jones,  Thomas  B.,  Chief  of  Spelter  Operation,  Mineral  Point  Zinc  Co^  Depue,  HI. 
Kerns,  Ralph  W.,  Engr.  Smelting  Plant  Constr.,  New  Cornelia  Copper  Co., 

Warren,  Ariz. 
KiVARi,  Arthur  M.,  Chief  Mill  Draftsman,  Vindicator  Cons.  Gold  Min.  Co., 

Box  495,  Victor,  Colo. 
Lewis,  James  Bradford,  Jr.,  Min.  Engr.,  Calumet  and  Arizona  Mining  Co., 

Warren,   Ariz. 
McDonald,  John  A.,  Engr.,  Testing  Dept.,  Washoe  Smelter, 

Anaconda  Copper  Mining  Co.,  Anaconda,  Mont. 

McNab,  Alexander  John,  Mgr Mason  Valley  Mines  Co.,  Thompson,  Nev. 

M acGregor,  Frank  S 60  India  St.,  Boston,   Mass. 

Mbrryweather,  Hubert,  Vice-Pres.  and  Genl.  Mgr.,  Bethlehem  Chile  Iron  Mines 

Co.,  La   Higuera,  Coquimbo,  Chile,  S.  Amer. 
Moulton,  John  Carroll,  Mill  Supt.,  Pittsourg  Silver  Peak  Gold  Min.  Co., 

blair,  Nev. 
Najarian,  Herand  K.,  Engr.  on  Steam  Shovel  Operations, 

Nevada  Cons.  Copper  Co.,  Ruth,  Nev. 
Nelson,  William  Innes,  Millman,  Alaska  Gastineau  Mining  Co.,  Thane,  Alaska. 
Newhall,  Percy  Melrose,  Asst.  Cons.  Eng.,  S.  Neumann  &  Co., 

P.  O.  Box  485,  Johannesburg,  S.  Africa. 

NiTCHiB,  Charles  C,  Chemical  Engr Mineral  Point  Zinc  Co.,  Depue,  111. 

North,  Mortimer  S.,  Min.  Engr Calumet  &  Hecla  Mining  Co^  Calumet,  Mich. 

Parish,  Ralph  Rand,  Cons.  Met Rome  Brass  &  Copper  Co.,  Rome,  N.  Y. 
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Pahtanbn,  Isak,  Min.  Enn..The  Colorado-Superior  Min.  Co.,  Telluride,  Colo. 

Petkbson,  Clarbkcb  J.,  Min.  Engr Tonopah  Mininp  Co.,  Tonopah,  Nev. 

Priob,  Chables  Edward,  Assayer  and  Chemist,  Daly  Reduction  Co., 

Hedley,  B.  C,  Canada. 

QuiBN,  Edwabd  L.,    Mining White  Oaks,    N.    Mex. 

RosENBAUif,  Rudolph  R.,  Chemical  Engr.,  Care  Caddo  Oil  Refinery,  Shreveport,  La. 
dbRtck  TAN  DEB  Gracht,  C.  M.  A.,  Managing  Director, 

The  Petrole\mi  Maatschappy  Saltcreek,  22,  I^nge  Houtotraat,  The  Hague,  Holland. 
Samuel,  John  Moore,  Testmg  Engr.,  Reduction  Works, 


Stevens,  William  Leonard,  Met.,  Met.  Accountant,  Braden  Copper  Co., 

Rancagua,  Chile,  S.  A. 
Tatlor,  George  M.,  Mgr.,  Mill.  Dept.,  Portland  Gold  Mining  Co.. 

Colorado  Springs,  Colo. 
Tennet,  Jambs  B.,  Min.  Geol.,  Geol.,  Copper  Queen  Cons.  Min.  Co.,  Warren,  Ariz. 
Terrell,  Arthur  Davis,  Genl.  Mgr.,  Mineral  Point  Zinc  Co., 

1111  Marquette  Bldg.,  Chicago,  111. 

Thomas,    Richard   B.,    U.   S.    Mineral   Surveyor Colville,   Wash. 

Ttleb,  Paul  McIntobh,  Min.  Engr Breckenridge,  Colo. 

Walker,  Edwin  Harold,  Min.  Engr.,  Underground  Foreman, 

Utah  Copper  Co.,  Bingham  Canyon,  Utah. 
Wasson,  H.  J.,  Min.  Engr.,  Pittsburg-Dolores  Minmg  Co.,  Rockland, 

via  Yerington,  Nev. 
Winans,  Henrt  S.,  Selling  Engr.,  The  W.  S.  Tyler  Co.,  1212  Josephine  St., 

Denver,  Colo. 
What,  Daniel  C,  Asst.  Supt.,  Nassau  Plant,  Mineral  Point  Zinc  Co.,  Depue,  111. 

Associate  Members 

Thomas,  Richard  P.,  Asst.  Dist.  Supt.,  Delaware, 

Lackawanna  &  Western  R.  R.  Co.,  Kingston,  Pa. 

Junior  Members 

Aknett.  Charles  L.,  Min.  Engr 100  Warm  Springs  Ave.,  Boise.  Idaho. 

Burg,  Robert  Stanley,  Student Missouri  School  of  Mines,  Rolla,  Mo. 

EsRNAN,  Thomas  H.,  Student Univ.  of  Wisconsin,  Madison,  Wis. 

Eluge,  Harry  A.,  Student. . . .  Missouri  School  of  Mines  and  Metallur^,  Rolla,  Mo. 

Maxwell,  Norman  E.,  Student Golden,  Colo. 

Noon,  Thaddeub  Roderick 1322  4th  St..  Peru,  111. 

Porter,  Fred  S Care  Alaska  Treadwell  Gold  Mining  Ck>.,  Treadwell,  Alaska. 

Roberts,   Dudley  E.,  Student 18  Pleasant  St.,   Stamford,   Conn. 

Seirm,  Joseph  Gabkill,  Student University  of  Wisconsin,  Madison,  Wis. 

Wfiberg,  Earl  B.,  Student,  Missouri  School  of  Mines  and  Metallurgy,  Rolla,  Mo. 

Total  Membership,  June  10,  1916 6,637 

Candidates  ?or  Meicbership 

Application  for  Meiibbrshif. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Xfembers  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glancing 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Membership, 
or  the  Secretary  of  uie  Institute,  of  any  persons  whom  they  think  should  not  be 
claasified  in  accordance  with  the  list  given. 

Members 

The  following  persons  have  been  proposed  during  the  period  May  10, 
1916  to  June  10,  1916,  for  election  as  members  of  the  Institute.    Their 
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names  are  published  for  the  information  of  Members  and  Associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential  com- 
munications, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Louis  M.  Allen,  Jr.,  Globe,  Ariz. 

Proposed  by  I.  H.  Baxkdoll,  H.  L.  Norton,  W.  B.  Cramer. 

Bom  1,887,  New  York  City.  1905-07,  1908-09,  Colorado  School  of  Mines, 
Golden,  Colo.  1907,  Furnace  man,  U.  S.  Metals  Refining  Co..  Chrome,  N.  J.  1908, 
Underground,  Tonopah  Min.  Co.  1909,  Surveying  for  Mr.  A.  H.  Koebig,  Los  Angeles, 
Cal.  1910,  Asst.  Engr.,  in  examination  work  in  Mexico  for  Mr.  Frank  A.  Keith,  ot 
Los  Angeles,  Cal.     1914^  Engineer's  office  and  Assayer,  Nevada  Cons.  Copper  Co. 

Present  position:  Mme  Sampler,  Old  Dominion  Copper  Mine. 

Clair  Lincoln  Baker,  El  Paso,  Tex. 

Proposed  by  Kuno  I)oerr,  H.  A.  Prosser,  James  Heggie. 

Bom  1880,  Roxbury,  Mass.  1898-1902,  Tufts  jCoUege,  Chemical  course,  B.  S. 
1903-07^  various  positions  with  American  Smelt. "&  Ref.  Co. — Assayer,  Chemist, 
apprentice  in  smelter,  ore  buyer.  1908-09,  General  Agent,  Compania  Minera  de 
Penoles,  Mapimi,  Dgo.,  Mex.  1910-16,  Ore  buyer,  Asst.  Genl.  Mgr.  and  lat«r  Genl. 
Mgr.,  Ajnerican  Smelt.  &  Ref.  Co.,  Mexico. 

Present  position:  Genl./Mgr.,  Mexican  Dept.,  American  Smelt.  &  Ref.  Co. 

George  Pomeroy  Bartholomew,  New  York,  N.  Y. 

Proposed  by  Edwin  S.  Berry,  Pope  Yeatman,  Fred  Hellmann. 

Born  1874,  Pottsville,  Pa.  1896,  Grad.,  Lehigh  Univ.,  Bachelor  of  Met.  1898- 
1900,  Rand  Mines,  Ltd.,  Johannesburg,  S.  Africa.  1900-06,  Jeamsville  Iron  Works 
Co.,  and  Rochester  &  Pittsburgh  Coal  &  Iron  Co.  1907-09,  Min.  Engr.,  E.  I.  du 
Pont  de  Nemours  Powder  Co.     1909-12,  Min.  Engr.,  New  Y'ork  City. 

Present  position:  1912  to  date,  Asst.  Cons.  Engr.,  M.  Guggenheim  Sons,  Chile 
Exploration  Co.,  Braden  Copper  Co. 

Charles  T.  Brown,  Donora,  Pa. 

Proposed  by  C.  L.  Miller^  B.  D.  Quarrie,  H.  A.  Barren. 

Born  1883,  Sherman,  N.  Y.  1902,  Grad.,  Central  High  School,  Cleveland,  O. 
1906,  Case  School  of  Applied  Science,  Chem.  Engrg.  1906,  Union  Carbide  Co., 
Sault  Ste.  Marie,  Mich.  1907,  American  Carbolite  Co.,  L)uluth,  Minn.  1908, 
Zenith  Furnace  Co.,  Duluth,  Minn.  1909,  American  Steel  &  Wire  Co.,  Blast  Furnace 
Dept.,  Cleveland,  O. 

Present  position:  Supt.,  Blast  Furnaces,  American  Steel  &  Wire  Co. 

Samuel  Rollins  Brown,  Plymouth,  Cal. 

Proposed  by  H.  W.  Hardingc,  R.  B.  T.  Kiliani,  Ronald  Clark. 

Born  1888,  Colona,  Colo.  1902-06,  Grad..  Montrose  County  High  School, 
Montrose,  Colo.  1906-07,  1908-11,  Colorado  School  of  Mines.  Golden,  Colo.,  E.  M. 
1907-12,  In  mill  Tomboy  Gold  Mines,  Ltd.,  Telluride,  Colo.  1912-13,  Mineral 
Inspector,  G.  L.  O.  under  F.  C.  Desendorf,  Chief  of  Field  Division.  1913.  Prospecting 
in  British  Columbia.     1914,  In  mill.  Tomboy  Gold  Mines,  Ltd.,  Telluriae,  Colo. 

Present  position:  1914  to  date;  Mill  Supt.,  Plymouth  Cons.  Gold  Mines,  Ltd. 

Arthur  Roy  Campbell,  lola,  Kans. 

Proposed  by  Sidney  J.  Jennings,  C.  F.  Moore,  G.  W.  Metcalfe. 

Born  1875,  Belmont,  Mass.  1896-99,  Worcester  Academy,  Worcester,  Mass. 
1899-1903,  Harvard  Univ.,  B.  S.  1903-04,  El  Oro  Min.  Co.,  Ltd.,  El  Oro,  Mex. 
1904-13,  IT.  S.  Smelt.  Co.  Three  years  practical  experience,  three  years  head  of 
different  departments,  two  years,  Asst.  Supt.,  one  year  Supt.  of  plants,  Lead  and 
Copper  Smelt.     1913,  Asst.  Mgr.,  American  Zinc,  Lead  and  Smelt.  Co. 

Present  position:  Zinc  Smelter  Supt.,  U.  S.  Smelt.  Co. 

James  H.  Causten,  Lovelock,  Nev. 

Proposed  by  Francis  Church  Lincoln,  J.  C.  Jones,  Andrew  W.  Newberry. 
Bom  1868,*^Wa8hinKton,  D.  C.     Public  Schools,  Washington,  D.  C.  Spencerian 
Business  College,  Washington  D.  C.     Three  and  one  half  years,  Stv  John  Academy, 
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Alexandria,  Va.  (preparatory).  One  year,  Civ.  Engrg.,  Univ.  of  Virginia,  Char- 
lottesville, Va.  1915,  Prospectors  course,  Univ.  of  Nevada.  1891-93,  City  Sur- 
Tcyor,  Port  Townsend,  Wash.  1894-1908,  U.  S.  Customs  Service,  Washington 
State,  Alaska,  Porto  Rico,  the  last  five  years  Collector  of  Customs  for  Porto  Rico  and 
for  short  period  before  going  to  P.  R.  a  special  Agent  of  U.  S.  Treasury.  Since  1908; 
Mine  operator  in  Nevada  with  one  year  as  Min.  Director  Eureka  Winsfall  Mining  Co. 
Present  position:  Mine  Operator,  Antelope  Springs,  Nev. 

Alvin  M.  Cummings,  Mineville,  Essex  Co.,  N.  Y. 
Proposed  by  H.  Comstock,  George  C.  Foote,  F.  S.  Witherbee. 
Bom  1886,  Lyon  Mountain,  N.  Y.     1909-12,  Michigan  College  of  Mines,  Hough- 
ton, Mich.     1907-09,  Engrg.  Dept.,  Witherbee,  Sherman  &  Co. 

Present  position:  1912  to  date,  Asst.  Mine  Supt.,  Witherbee,  Sherman  &  Co. 

Marcel  (Robert  Dyonis)  Daly»  Seattle,  Wash. 

Proposed  by  Amos  Slater,  Charles  E.  Weaver,  Milnor  Roberts. 

Bom  1860,  Wissous,  near  Paris.  France.  1878,  Univ.  of  Paris,  B.  A.  and  B.  S. 
1883,  Grad.  as  Engr.,  Ecole  Centrale  des  Arts  et  Manufactures.  1889,  Grad.,  School 
of  Law,  Paris.  1883r-84,  in  the  survey  office.  Northern  French  Ry.  1885-95,  worked 
with  father,  Cesar  Daly,  architect  of  the  French  Govt,  (survey  office,  constructions, 
technical  publications)  and  travelled  extensively  in  Europe  and  N.  Africa.  1896-97, 
Appointed  by  the  Societe  Nationale  de  Credit,  Paris,  for  examining  manganese  depos- 
its in  Southern  Russia  and  the  Caucasus.  Visited  and  studied  the  principal  oil  fields 
of  S.  E.  and  Central  Europe.  1897-1901,  Chief  Engr.,  Societe  de  Construction  de 
Wniebrook,  Bel^um  near  Brussels  (steel  works).  1901-05,  Genl.  Mgr.,  Societie  An. 
des  Forges  d'Aiseau,  near  Charleroi,  Belsium,  (steel  works  and  general  machine 
eonstruction).  During  the  stay  at  Willebrook  and  Aiseau,  have  designed  and 
erected  numerous  bridges,  metalbc  constructions,  machinery  for  quarries,  etc.  Worked 
for  the  City  of  Brussels,  the  Govt,  of  Belgium,  the  Free  State  of  the  Congo,  the  ports 
of  Barcelona  (Spain),  Constanza  (Rumania)  Ostend  (Belgium).  1905-10,  (jrenl. 
Mgr.,  and  Attorney  in  fact,  Cia.  Francaise  de  Petroles  (French  Petroleum  Co.)  in 
U.S. 

Present  position:  1911  to  date;  Cons.  Engr.  and  Oil  man. 

Alexander  Deusseni  Houston,  Tex. 

Proposed  by  E.  F.  Burchard,  David  White,  E.  T.  Durable. 

Bom  1882,  San  Antonio,  Tex.  1903,  Univ.  of  Texas,  B.  S.  1904,  Univ.  of 
Texas,  M.  S.  1907-09,  Geologic  Aid,  U.  S.  Geological  Survey.  1909-15,  Asst. 
Geol.,  U.  S.  Geological  Survey. 

Present  position:  Geol.,  Gulf  Production  Co. 

Arthur  Grant  Ellis.  Hayden^  Ariz. 

Proposed  by  David  D.  Moffat,  Louis  S.  Cates,  J.  J.  Ormsbee. 

Bom  1876,  Boulder,  Colo.  1891,  East  Denver  High  School.  1891-1903,  Assayer, 
(demist,  Ore  Testing,  with  Henry  E.  Wood,  Denver.  1904r-05,  Mill  Supt.,  Hanna 
Min.  &  Mill.  Co.,  Lake  City,  Colo.  1905-08,  Supt.,  Zinc  MQls,  Lanyar  Zinc  Co., 
lola.  Kans.     1908  to  date.  General  Mill  P^oreman,  Jackling  Interests,  Utah  &  Ariz. 

Present  position :  Genl.  Mill  Foreman,  Ray  Cons.  Copper  Co. 

Clarence  T.  Emrich,  Globe,  Ariz. 

Proposed  by  W.  B.  Cramer,  J.  S.  Low,  L.  O.  Howard. 

Bom  1883,  New  York.  1902-04.  Colorado  College.  1905-09,  Colorado  School 
of  Mines,  E.  M.  1909-11,  Chief  Chemist,  North  American  Smelter  &  Mines  Co. 
1911,  Chemist  and  Assayer,  Pioneer  Smelt.  Co.  1912-13,  Smelter  Supt.,  Santa  Fe 
Gold  &  Copper  Min.  Co.  1914,  Professional  work,  Denver.  1915,  Engr.,  Cariman 
Min.  Sc  Mifi.  Co. 

Pnsent  position:  Chemist,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

Harold  Bertels  Fell,  Wilkes-Barre,  Pa. 

I^oposed  by  John  Lloyd,  Paul  Sterling,  J.  M.  Humphrey. 

Bom  1889,  Wilkes-Barre,  Pa.  1895-1901,  Public  Schools,  W^ilkes-Barre,  Pa. 
1901-06,  Harry  Hillman  Academy,  Wilkes-Barre,  Pa.  1900-07,  Mercersburg  Acad- 
emy, Mercersburg,  Pa.,  graduated  in  English  Scientific  course.  1907-12,  Princeton 
Univ.,  C.  E.,  Princeton,  N.  J.  1909-10,  summers.  Mechanical  Engrg.  Dept.,  Lehigh 
Valley  Coal  Co.,  Wilkes-Barre.  Pa.  1911,  summer,  1912-13,  Efficiency  Engrg.  Dept., 
Lehigh  Valley  Coal  Co.,  Wilkes-Barre,  Pa.  1913-16,  Wyoming  Division,  Engrg. 
Dept. 

Present  position:  Supt.  and  Engr.,  Wyoming  Valley  Water  Supply  Co. 
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Jorge  Belmiro  de  Araujo  Ferraz,  Rio  de  Janeiro^razil.  S.  Amer. 

Proposed  by  L.  C.  Graton,  Horace  E.  Williams,  W.  lindgren. 

Bom  ^883,  Rio  de  Janeiro.  Grad.,  Polytechnical  School  of  Rio  de  Janeiro.  1908- 
14,  Aflst.  Prof,  of  Physics  and  Chemistry,  Pedagoauim  Mmiicipal,  Rio  de  Janeiro, 
life  member  of  the  Italian  Geol.  Society.  Secy,  ana  Treas.,  Brasilian  commission  of 
the  International  Exhibition  of  Turin-Rouss  1911.  Knight  of  the  order  "Crown  of 
Italy."     Honorary  member  of  the  National  Society  of  Agriculture. 

Present  position:  Asst.  Geol.  and  Petrographer,  Servico,  Geologico  and  Mineralog- 
ico  do  Brasu. 

Dexter  Bemis  Followill,  Collinsville.  Bl. 

Proposed  by  W.  E.  Newnam,  J.  A.  Caselton,  Herman  Garlichs. 

Bom  1882,  Rolla,  Mo.  Public  and  High  School,  Rolla.  Mo.  1902-062  Missouri 
School  of  Mines.  1906-09,  Chemist,  Amer.  Smelt.  &  net  Co.,  Leadville,  Colo. 
1909-12.  Chemist.  St.  Louis  Smelt.  &  Ref.  Co.,  Collinsville,  Bl.  1912-14,  Chemist, 
Amer.  Smelt.  &  Kef.  Co^  Perth  Amboy,  N.  J.  1914-15,  Chemist,  St.  Louis  Smelt. 
&  Ref.  Co.,  Collinsville,  Bl. 

Present  position:  1915  to  date;  Supt.  of  Basic  Lead  Sulphate  Plant,  St.  Louis 
Smelt.  &  Ref.  Co. 

Sutter  Albert  Gardanier,  Douglas,  Ariz. 

Proposed  by  Theodore  Knutzen,  Courtenay  DeKalb,  H.  O.  Hammond,  J.  M. 
Bonsall. 

Bom  1881,  Cleveland,  O.  1899,  Two  years  East  Denver  High  School.  1900-04. 
Asst.  Assayer,  Wheeler  &  Wheeler,  Creede,  Colo.  1906,  Assayer,  Creede  United 
Mines  Co.,  Creede,  Colo.  1907,  Mgr.,  Wheeler  &  Wheeler  Assay  office  and  bought 
office  the  same  year.  Sold  the  office  1910.  1912,  Msr.,  Las  Tepalcates  Mines,  Sino- 
quipe.  Son.,  Mex.  1912,  bought  assay  office,  Ben  Norton,  Douglas,  Ariz,  and  have 
been  nere  ever  since. 

Present  position:  Mgr.,  Douglas  Assay  Co. 

Charles  E.  Griswold,  Globe,  Ariz. 

Proposed  by  W.  B.  Cramer,  L.  O.  Howard.  I.  H.  BarkdoU. 

Bom  1874,  Meriden,  Conn.  1893-94,  Comell  Univ.  1906-07,  Chemist,  San 
Fernando  Mine,  Lower  Cal.  1913,  Experimental  work,  at  Smelter,  Old  Dominion 
Copper  Min.  &  Smelt.  Co.  1914-16,  Experimental  work,  at  Concentrator,  Old 
Dominion  Copper  Min.  &  Smelt.  Co. 

Present  position:  Mill  work,  Old  Dominion  Copper  Min.  &  Smelt.  Co, 

Justice  Grugan,  Edwards,  St.  Lawrence  Co.,  N.  Y. 

Proposed  by  Cecil  Pocock,  W.  D.  B.  Motter,  Jr.,  William  Campbell. 

Bom  1878.  Philadelphia,  Pa.  Common  Schools,  Philadelphia.  1895-07,  Drexel 
Institute,  Philadelphia.  1903-04,  private  work  with  Prof.  Amos  P.  Brown,  Univ. 
of  Pa.,  mineralogy.  1897-1902,  Mineralogist,  Geol.,  &  Chem.,  Foote  Mineral  Co., 
Philadelphia,  Pa.  1905-07,  Travelling  representative  in  Europe  and  mining  rare 
ores  in  Australia,  Foote  Mineral  Co.     1907-12,  mine  examinations,  also  eeneral 

Practice,  Worth  Bros.  Co.,  Coatesville,  Pa.     1912-16,  Northern  Ore  Co.,  Edwards, 

Present  position:  Mgr.,  Northern  Ore  Co. 

Horace  S.  Gulick,  St.  Louis,  Mo. 

Proposed  by  J.  B.  Emerson,  J.  D.  Robertson,  Herman  Oarlichs. 

Born  1885,  Orlando,  Fla.  1903,  A.  &  M.  CoUege,  B.  S..  Okla.  1903-04,  Asst.  to 
Div.  Engr.^  C.  R.  I.  &  P.  Ry.  Co.,  Oklahoma  City,  Okla.  1904-05,  Mining,  Milling 
&  Developing  Co.,  Zinc,  Ark.  1905-13,  Asst.  Chem.  &  Chief  Chem.,  American  Sted 
Foundries,  East  St.  Louis,  111.  1913  to  date;  More-Jones  Brass  <fe  Metai  Co.,  St. 
Louis,  Mo. 

Present  position:  Met.  Engr.,  More- Jones  Brass  &  Metal  Co. 

Raymond  Guyer,  Ketchum,  Ida. 

Proposed  by  Charles  V.  Drew,  H.  S.  Emlaw,  Edmond  N.  Skinner. 

Bora  1880,  Helena,  Mont.  1895-98,  Bordentown  Military  Institute,  N.  J. 
1900-03,  Columbia  School  of  Mines.  1899,  Backus  &  Johnston  Co.,  Casapalca, 
Pem,  S.  Amer.  1903.  Laborer  and  general  utility  man,  De  Lamar  Plant,  Carteret, 
N.  J.  1903,  Frank  Klepetko's  Office,  N.  Y.  1903-05.  Supt.,  Backus  &  Johnston  Co., 
Casapalca,  Peru.  1905-06,  L.  A.  Proano,  Morococha,  Peru,  S.  Amer.  1907-08, 
L.  A.  Proano,  Tamboraque  Smelter,  Mmmg.     1908-09,  Frank  Klepetko,  Lima  Office, 
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Peru.  1909-11,  Genl.  Mgr.  &  Cona.  Easr.,  E.  Ferandiru,  Gerro  de  Pasco,  Peru. 
1911-12,  W.  R.  Grace  &  Co.,  Lima,  Peru,  S.  Amer.  1913-16,  General  mining  work 
in  U.  8.  and  Peru,  S.  Amer. 

Present  position:  Reporting  and  examination. 

Bernard  Hasbronck,  Tulsa,  Okla. 

Proposed  by  Dorsey  Hager.  R.  A.  Conkling,  H.  A.  Wheeler. 

Bom  1882,  Hackensack,  N.  J.     1907,  Princeton  Univ.,  B.  8.  in  Geol.     1908-11, 
Special  in  Min.  Engrg.,  McGill  Univ.     1912-13,  Field  Geol.,  Caribbean  Petroleum^ 
Co.,  Caracas,  Venezuela.     1913-14.  Geol.  in  charge  Southern  Oil  Fields,  Compania 
Mexicana  de  Petroles  ^'M  A^pila,^'  S.  Amer.,  Tampico^  Mex.     1914,  Genl.  Mgr., 
Southern  Oil  Fields,  Cia.  Mexicana  de  Petroles  ^'EL  Aguila,"  S.  Amer. 

Albert  A.  Heimrod,  New  York,  N.  Y. 

Proposed  by  Herman  Garlichs,  L.  V.  Emanuel,  H.  H.  Utley,  R.  G.  Hall. 

Bom  1885,  Hanover,  Germany.  1902,  Grad.,  Omaha  High  School.  1906,  Grad., 
Univ.  of  Nebraska,  B.  S.  1910,  Columbia  Univ.,  Met.  Dept^  Master  of  Arts.  1906- 
08,  General  Engrg.  work,  Chicago  &  Burlington  &  Quincy  R.  R.  1910-11,  General 
foreman.  Gold  and  Silver  Dept.,  Balbach  8.  &  R.  Co.,  Newark,  N.  J.  1911-12, 
Foreman  tank  room,  anode  furnaces,  and  blue  vitriol  copper  dept.,  Balbach  8.  &  R. 
Co.  1910,  On  retort,  cupel  and  desilverizing  work,  Balbach  8.  A  R.  Co.  191^15, 
Constr.  Engr.,  Balbach  8.  A  R.  Co.,  New  Lecud  plant,  Newark  Bay  Front. 

Present  position:  Engr.,  Research  Corpn. 

W.  Homer  Hendricks,  New  York,  N.  Y. 

Proposed  by  William  H.  Shearman,  Thomas  T.  Read,  Georse  C.  Stone. 

Bom  1878,  Hummelstown,  Pa.  1906,  Met.  Engr.,  Lehigh  University.  1906, 
Afist.  Supt.,  Acid  and  lithopone  Dept.,  N.  J.  Zinc  Co.  (of  Pa.)  Handled  one  or  both 
of  these  departments  since  1908. 

Present  position:  Genl.  Sales  Engr.,  N.  J.  Zinc  Co. 

William  Henrv  Keefe,  Jr.,  Globe,  Ariz. 

Proposed  by  W.  B.  Cramer,  G.  N.  Bjorge,  I.  H.  Barkdoll. 

Bom  1889,  Derbjr,  Conn.  1911,  Grad.,  Sheffield  Scientific  School.  Yale  Univ., 
Ph.  B.  1911-13,  Mmer,  Penn  Iron  Min.  Co.  1914,  Asst.  Engr.,  Verona  Min.  Co. 
1915-16,  Assay er  and  Chemist,  United  Verde  Copper  Co. 

Present  position:  Asst.  Engr.,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

John  Charles  Kinnear,  McGill,  Nev. 

Proposed  by  R.  E.  H.  Pomeroy,  A.  G.  Marsh,  C.  B.  Lakenan. 

Bom  1885,  Carnonstie,  Scotland.  1890-1902,  Common  and  High  School,  Salem, 
Mass.  1902-07,  Mass.  Inst,  of  Tech..  S.  B.  1906.  Board  of  Water  Supply  City  of 
New  York.  1907,  Goldfield  Cons.  Mines  Co.,  Goldfield,  Nev.  1908-10,  Goldfield 
Daisy  Min.  Syndicate,  Goldfield,  Nev.  1910,  Bingham  and  Garfield  Rv.  Co., 
Bingham,  Utah.     1910-16,  Nevada  Cons.  Copper  Co.,  Steptoe  Plant,  McGill,  Nev. 

Present  position:  Asst.  Smelter  Supt.,  Steptoe  Plant,  Nevada  Cons.  Copper  Co. 

Alfred  George  Kirby,  Toronto,  Ont.,  Canada. 

Proposed  by  H.  W.  Hardinge,  C.  W.  Merrill,  Charles  A.  Chase. 

Bom  1871,  Oxford,  England.  No  technical  education  other  than  self  acquired. 
1892-96,  Providence  Gold  Mining,  Nevada  City,  Cal.  1896-98,  Leasing  Smuggler- 
Union  Co.,  Telluride,  Colo.  1898-1901,  General  Mill  Construction,  Mount  mlson 
G.  k  S.  Min.  Co.,  Mt.  Wilson,  Colo.  Golden  Fleece  Min.  Co.,  Lake  City,  Colo.,  etc. 
1901-06.  Mill  Supt.  and  general  construction,  libertv  Bell  G.  &  S.  Min.  Co.,  Telluride, 
Ck)lo.  With  the  same  company  at  Combination  Mill,  Goldfield,  Nev.  Upon  transfer 
of  property  to  Goldfield  Cons.  Ltd.,  with  this  property  tiU  end  of  1908.  Designed  and 
erected  the  Nova  Scotia  Mill,  Cobalt,  Ont.  1909,  Remained  with  company  as  a 
Manaser  till  1912.  During  1911  and  1912,  Cons.  Engr.  for  the  Hollinger  Gold  Mines 
k  McLityre  Mines,  Porcupine,  Ont.  Designed  and  erected  the  first  mills  for  these 
companies.     1912-16,  Genl.  Mgr^  Dominion  Reduction  Co.,  Cobalt,  Ont. 

Present  position:  Consulting  Practice. 

WlUiam  Hoffman  Kobbe,  St.  Louis,  Mo. 

Proposed  by  Ralph  Arnold,  Irving  Perrine,  J.  William  Smith. 

Bom  1881,  Ft.  Hamilton,  N.  Y.  1900,  Grad.,  Lowell  High  School,  San  Francisco, 
Cal.  1901.  course.  Biltmore  Forest  School,  Biltmore,  N.  C.  1901,  Member,  Cali- 
fornia Acaaemy  of  Sciences.     1904,  Grad.,  Yale  Forest  School,  Yale  Univ.     Since  then 
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close  student  of  Petroleum  and  patentee  of  devices  used  in  the  oil  industry.  1904-07, 
Government  forester  in  Philippine  Mands  and  Arizona.  1908,  Foreman,  Globe 
Exploration  Go^  Cal.  1910,  Supt.  above  Co.  and  also  of  Rock  Oil  Co.  1913.  Div. 
Supt.,  General  Petroleum  Co.  1914,  Asst,  Field  Mgr.,  Standard  Oil  Co.  in  Turkey 
until  outbreak  war. 

Present  position:  Petroleum  Engr.,  Pierce  Oil  Corpn. 

Carl  A.  Lemke,  Midvale,  Utah. 

Proposed  by  Ernest  Gay  ford,  John  M.  Callow,  H.  H.  Utley.  ' 

Born  1880,  Brooklyn.  N.  Y.  1896,  High  School.  1900,  Colorado  School  of  Mines, 
E.  M.  1900,  Assayer,  Copper  Hill  Min.  Co.,  Rinconada,  N.  Mex.  1900-01,  Chemist, 
Silver  Lake  Mines,  Silver  ton,  Colo.  1902-04,  Assayer  and  Surveyor.  Uncle  Sam  Mine. 
Swandyke,  Colo.  1905,  Land  surveying,  Fresno,  Cal.  1906-12,  Mill  Foreman  ana 
Supt.,  American  Zinc  Extraction  Co.,  Leadville,  Colo. 

Present  position:  1912  to  date;  Asst.  Supt.  in  charge  of  Concentrator,  U.  S. 
Smelt.  Co. 

Edward  Dale  Lynton,  San  Jose,  Cal. 

Proposed  by  George  Kingdon,  M.  J.  Elsing,  Royal  P.  Jarvis. 

Born  1890,  New  York  City.  1900-04,  Preparatory  School,  Reigate,  England. 
1904r-08,  Harrow  School,  Harrow,  England.  1908-12,  Missouri  School  of  Mines, 
Rolla,  Mo.,  B.  S.  1912-15,  Practical  experience  and  thesis  received,  E.  M.  1912—14, 
Geol.  Dept.,  Cananea  Cons.  Copper  Co.  1914-15,  churn  drills,  Detroit  Copper 
Min.  Co.,  Morenci,  Ariz. 

Present  position:  1913  to  date;  Chief  Engr.,  Democrata  Min.  Co. 

WiUiam  Arthur  McCoy,  McGill,  Nev. 

Proposed  by  R.  E.  H.  Pomeroy,  A.  G.  Marsh,  C.  B.  Lakenan/ 

Born  1885,  Riverton,  Va.  1908,  Washington  and  Lee  Univ..  B.  S.  1908-09, 
Chem^  iron  mine,  for  H.  J.  Seibel,  Philadelphia,  Pa.  1909-13,  Chem.,  New  Jersey 
Zinc  Co.,  Franklin,  N.  J.  1913-14,  Chem.^  American  Smelt.  &  Ref.  Co.,  Maarer, 
N.  J.  1914,  Chem.  and  in  charge  of  expenmental  work,  Chile  Copper  Co.,  Amer. 
Smelt.  &  Ref.  Research  Laboratory,  Maurer,  N.  J.  1916,  Chief  Chem.,  for  Dr.  John 
H.  Banks,  New  York,  N.  Y. 

Present  position:  Chief  Chem.,  Nevada  Cons.  Copper  Co. 

Austin  Lee  McRae,  Rolla,  Mo. 

Proposed  by  H.  A.  Buehler,  Charles  Y.  Clayton,  Robert  J.  Anderson. 

Born  1861,  McRae,  Ga.  1881,  Univ.  of  Georgia,  B.  S.  1886,  Harvard  Univ., 
S.  D.  1889-91,  Asst.  Prof.  Physics,  Univ.  of  Missouri.  1891-94,  Prof,  of  Physics, 
Missouri  School  of  Mines.  1894-1906,  Associate  Prof.  Physics,  Univ.  of  Texas.  1896- 
99,  Cons.  Engr.,  St.  Louis,  Mo.     1899-1915,  Prof.  Physics,  Missouri  School  of  Mines. 

Present  position:  1915  to  date;  Director  and  Prof.  Physics,  Missouri  School  of 
Mines. 

Hugh  Renwick  MacMichael,  El  Paso,  Tex. 
Proposed  by  Kuno  Doerr,  H.  A.  Prosser,  James  Heggie. 

Born  1881,  Springfield,  111.  Education  entirely  by  private  study.  1900 — 03, 
Asst.  to  Supt.,  construction  and  later  in  charge  rolUng  mill  dept.  of  engineering  office. 


Colorado  Fuel  &  Iron  Co.,  Pueblo,  Colo.  1904-06.  Engr.  in  charge  design  and  con- 
struction of  smelter,  American  Smelters  Securities  Co.,  Asarco,  Dgo..  Mex.  1906-07, 
in  charge  of  construction  of  smelter,  American  Smelt.  &  Ref.  Co.,  Ctdh.,  Mex. 

Present  position:  1907  to  date;  Chief  Engr.,  American  Smelt.  &  Ref.  Co.  Southern 


Jacob  A.  Martin,  Santa  Rita,  Grant  Co.,  N.  M. 

Proposed  by  William  J.  Hallett,  W.  G.  Haldane,  F.  W.  Traphagen. 

Born  1875,  Freukendorf,  Switzerland.     1907,  Colorado  School  of  Mines,  E.  M 
1907,  Asst.  Engr.,  Minas  Tecolotes  y  Annexas,  Santa  Barbara,  Chih.,  Mex.     1907-08* 
Miner.  American  Eagles,  Cripple  Creek,  Colo.     1908,  Timberman,  Portland  Goi<i 
Min.  Co.,  Victor,  Colo.     1908-09,  Millman,  American  Zinc  Extraction  Co.,  Leadville 
Colo.     1909-10,    Miner,    Fanny   Rawlins,   Leadville,    Colo.     1910-12,    Asst.    Engr' 
Superior  Coal  Co.,  Superior,  Wyo.     1912-14,  Contracting,  Superior  Coal  Co  ,  Su- 
perior, Wyo.     1914,  Foreman,  Superior  Coal  Co.,  Superior,  Wyo.     1914,  Fc" 
Union  Pacific  Coal  Co.,  Rocksprings,  Wyo.     1914-16,  Contracting,  Union  Paci 

Co.,  Hanna,  Wyo.  ^,  .      r>. 

Present  position:  Asst.  Engr.,  Chmo  Copper  Co. 


Foreman, 
acific  Goal 
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SichAfd  W.  Mayne,  Globe,  Ariz. 

Proposed  by  W.  B.  Cramer,  I.  H.  BarkdoU,  G.  N.  Bjorge. 

Bom  1869,  Nebraska.  1891-96,  Mining,  Gal.  1896-1900,  La  Fortung,  Ariz. 
1900-16,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

Present  position:  Mine  Foreman,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

Cyras  Edward  Minor,  Carrizozo,  N.  Mex. 

Imposed  by  J.  N.  Houser,  M.  H.  Newman,  A.  W.  Koch. 

Bom  1882,  BellviUe,  lU.  1904,  Grad.,  Missouri  School  of  Mines,  B.  8.  in  Min. 
Engrg.  1904,  Clark  Engrg.  Co.,  Bisbee,  Ariz.  1904-05,  Surveying,  Calumet  & 
Amona  Copper  Co.,  Bisbee.  1905-^7,  Asst.  Engr.,  Cananea  Cons.  Copper  Co.,  Can- 
anea,  Son..  Mex.  1907-10,  Member  firm  "Minor  and  Hart,"  Cananea,  Son.,  Mex. 
1910-13,  Asst.  Engr.,  for  above-mentioned  Cananea  Cons.  Copper  Co.  19]!i-15, 
Affit.  Engr.,  Chicago  and  Western  Indiana  R.  R.,  Chicago,  111.  1916,  Min.  Engr.,  on 
exploration  work  for  eastern  capital. 

Present  position :  Min.  Engr.  for  parties  in  the  East. 

Jones  Guerry  Moore,  Birmingham,  Ala. 

Proposed  by  J.  C.  Maben,  Jr.,  E.  Francis  McCrosain,  James  Bonnyman. 
Bom   1857,    near   Tuskegee,    Ala.     Education   in    Common    School,    Alabama. 
Coal  Mining  for  thirty  years,  Milner  Coal  &  R.  R.  Co.,  Tenn.  Coal  &  R.  R.  Co. 
Present  position:  Genl.  Supt.  of  coal  mines,  Sloss  Sheffield  Steel  &  Co. 

Harry  Cooper  Parker,  McGiU,  Nev. 

Proposed  by  R.  E.  H.  Pomeroy,  A.  G.  Marsh.  C.  B.  Lakenan. 

Bom  1881,  Wellsville,  Utah.  1897-1900,  High  School  Dept.,  Utah  Agricultural 
College,  Logan,  Utah.  1900-01,  Freshman,  Utah  Agricultural  College.  1901-04, 
Student,  Harvard  Univ.,  Lawrence  Scientific  School,  S.  B.  1904-05,  Construction 
work,  Newhouse  Mines  and  Smelter  Corpn.  1905-06,  Highland  Boy  Smelter,  Utah 
Cons.  Min.  Co.  1906-08,  Engrg.  business,  Salt  Lake  City,  Utah.  1908-10,  Teaching, 
Prof.  Geol.  and  Mineralogy,  Utah  Agricultral  College,  Logan,  Utah.  1910-11,  Mgr., 
Nev.  Utah  Mines  and  Smelters,  Corpn.,  Pioche,  Nov.  1912  to  date,  Met.  Engr., 
Roasting  Dept.,  Nevada  Cons.  Copper  Co. 

Present  position :  Smelter  Engr.,  Nevada  Cons.  Copper  Co. 

Enoch  Perkins,  Juneau,  Alaska. 

Proposed  by  O.  P.  Rogers,  B.  L.  Thane,  E.  V.  Daveler. 

Bom  1891,  Pendleton,  Ore.  1897-1905,  Boise  Public  Schools,  Boise,  Idaho. 
1905-09,  Grad.,  Boise  High  School,  Boise,  Idaho.  1909-13,  Grad.,  Univ.  of  Idaho,  in 
Mining  and  Civ.  Engrg.,  B.  S.  (C.  E.).  1912-13,  Deputy  County  Engr..  Latah  Co., 
Idaho.  Deputy  U.  o.  Mineral  Surveyor  for  Idaho  (still  hold  commission).  Licensed 
Lajxd  Surveyor  for  Idaho.  1914,  Surveyor,  Alaska  Gastineau  Min.  Co.^  Juneau, 
Alaska.  Wulzen  Alaska  Gastineau  Min.  Co.  1914-15,  Engr.,  Ebner  Mme,  U.  S. 
Smelt.  Ref.  and  Min.  Exploration  Co. 

Present  position:  1915  to  date;  Surveyor  and  Draughtsman,  Alciska  Gastineau  Min. 
Co. 

WiDiam  Bemiso  PhelpSi  Knik,  Alaska. 

Proposed  by  Amos  Slater,  I.  F.  Laucks,  James  A.  Kelly. 

Bom  1883,  New  Orleans,  La.  1907,  Colorado  School  of  Mines,  E.  M.  1907-09, 
Sampler,  Surveyor,  Shift-Boss,  Surface  Foreman,  Ray  Cons.  Copper  Co.,  Ray,  Ariz. 
1909-10,  Mine  Foreman,  Goldroads  Min.  Co..  Goldroads,  Ariz.  1910-12,  Examina- 
tion work  in  Mexico  ana  later  in  charge  of  Casados  Mine  in  Jalisco.  1912-13,  Shift- 
Bofls  and  later  Foreman,  Goldroads  Mm.  Co.  1913-16,  At  Casados  Mine  as  Supt.  and 
in  Alaska  as  Mill  Supt.  for  Alaska  Free  Gold  Min.  Co. 

Present  position:  On  examination  work  and  charge  of  exploration  work  in  Alaska 
for  Dt.  H.  O.  Schaleben,  Seward,  Alaska. 

Rudolph  Porter,  Federal,  111. 

Proposed  by  W.  E.  Newnam,  William  Allen  Smith,  Philip  N.  Moore. 

Bom  1873,  Cincinnati,  O.  Public  Schools,  Cincinnati.  1888-1900,  Pueblo 
Plant  Amer.  Smelt.  &  Ref.  Co.,  Pueblo,  Colo.  1900-16.  Federal  Lead  Co.,  Federal, 
Dl. 

Present  position:  Mgr.,  Federal  Lead  Co. 

• 

Guy  M.  Powell,  Kellerman,  Ala. 

Proposed  by  Warren  L,  Kluttz,  C.  T.  Fairbairn,  Walter  J.  Pennhallegon. 

Bom  1879,  Smethport,  Pa.     1896,  High  School,  Ridgway,  Pa.     1890-99,  Appren- 
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tice  and  draftsman,  Ridgway  Dynamo  and  Engine  Co.,  Ridgway,  Pa.  1901  Drafts- 
man, Julian  Kennedy,  Pittsburgh,  Pa.  1902-03,  Draftsman.  S.  V.  Huber  &  Co., 
Pittsburgh,  Pa.  1903-05,  Draftsman,  Riter  Conley  Mfg.  Co.,  Pittsburgh,  Pa.  1906- 
07,  Draftsman,  Construction  Engr.,  Illinois  Steel  Co.,  South  Chicago,  111.  1907-09, 
Construction  Engr.,  Tennessee  Coal.  Iron  &  R.  R.  Co.,  Ensley,  Ala.  1910-11,  Con- 
struction Engr.,  various  contract  joDS.  1912  to  date,  Engr.,  Central  Iron  and  Coal 
Co.,  Hott,  Ala. 

Present  position:  Supt.  of  Coal  Mines. 

George  C.  Riser,  Jr.,  McGill,  Nev. 

Proposed  by  R.  E.  H.  Pomeroy,  A.  G.  Marsh,  C.  B.  Lakenan. 

Bom  1876,  Salt  Lake  City,  Utah.  1891,  District  School,  Salt  Lake  City,  Utah. 
1896,  Univ.  of  Utah  Preparatory  School,  Salt  Lake  City,  Utah.  1904,  Univ.  of  Utah, 
B.  A.  1904-^5,  Instructor,  Univ.  of  Utah.  1896-1900,  Worked  in  the  following  mines 
and  mills.  Operator  in  mill  and  refinery,  Delamar  MiU,  Delamar,  Nev.  Mucker, 
lumberman.  Helper  and  Miner,  Dailey  West  &  Silver  King  Mines,  Park  City,  Utah. 
Repairman  and  Operator,  Golden  Gate  Mill,  Mercur,  Utah.  Timberman,  Miner, 
Repairman  in  mill,  Anny  Lary  Min.  Co.,  Kimberly,  Utah.  1903-04,  Summer,  Cop- 
perton  Mill,  Utah  Copper  Co.  190&-06,  Eiroerimental  work,  Copperton  Mill,  Utah 
Copper  Co.,  Bingham  Canyon,  Utah.  1906-08.  Erector,  Demonstrator  and  Salesman, 
Josnua  Handy  Iron  Works,  San  Francisco.  Cat.  1908,  Salesman,  Fairbanks,  Morse 
&  Co.,  Salt  liake  City,  Utah.  1906-15,  Experimental  and  construction  work.  Con- 
centrating Dept.,  Shift  and  General  Mill  Foreman,  Utah  Copper  Co.  During  this 
period  I  was  sent  to  the  various  mills  controlled  by  D.  C.  Jackling  to  do  experimental 
work  and  assist  in  starting  up.  Started  up  Ray  Cons.  MUl,  Hayden,  Ariz,  and  acted 
as  Supt.  of  Mill. 

Present  position:  1915  to  date;  Supt.,  Concentrator,  Nevada  Cons.  Copper  Co. 

T.  C.  Roberts,  Qarkdale,  Ariz. 

Proposed  by  Will  P.  Clark,  H.  N.  Thomson,  A.  T.  Coston. 

Bom  1876,  New  Orleans,  La.  Tulane  Univ.,  Electrical  and  Mechanical  courses, 
New  Orleans.  Chief  Engr.,  general  engineering  work,  American  Smelt.  &  Ref.  Co. 
for  several  years.  For  five  years,  Arkansas  Valley  Railway  light  and  Power  Co., 
Pueblo,  Colo.  In  all  of  the  above  positions  the  design  and  construction  of  all  engi- 
neering work  has  been  under  my  immediate  supervision,  including  power  plants,  smelt- 
ers, utihty  and  improvement  companies,  ^  electrical  and  steam  railroads,  various 
types  and  lengths  of  high  tension  transmission  lines,  water  power  development,  etc., 
also  at  various  times  I  nave  constructed  residences,  school,  Dusiness  and  other  public 
buildings. 

Present  position:  Chief  Engr.  of  all  Senator  Clark's  interests  in  Arizona. 

Clyde  PoUiemus  Ross,  Globe,  Ariz. 

Proposed  by  W.  B.  Cramer.  G.  N.  Bjorge,  I.  H.  BarkdoU. 

Bom  1891,  New  York,  N.  Y.  1914,  Mass.  Inst,  of  Tech.,  S.  B.  1915,  Mass.  Inst, 
of  Tech.  A  Harvard,  S.  M.  1913,  Ray  Cons.  Min.  Co.  1916,  Asst.  to  Prof.  H.  O. 
Hofman,  Mass.  Inst,  of  Tech.     1916.  Asst.  to  Prof.  Graton,  Harvard. 

Present  position:  Asst.  Geol.,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

Ray  P.  Saifold,  Globe,  Ariz. 

Proposed  by  W.  B.  Cramer,  L.  O.  Howard,  I.  H.  Barkdoll. 

Bom  1878,  Fountain  MOls,  Md.  1901-05,  Lehigh  Univ.  1905-06,  Mill  Foreman, 
Bamberger  Delamar  Mines,  Delamar,  Nev.  1906,  Engrg.,  Green  Cananea,  Mex. 
1907,  Supt.,  Cananea  Nueve,  Mex.  1908-13,  General  Energ.  and  professional  work  in 
Mexico.  1914r-16,  Experimental  work  Qeaching)  with  Calumet  &  Arizona  Min.  Co. 
1916,  Private  experimental  work. 

present  position:  Private  experimental  work. 

Howard  P.  Saunders,  Herculaneum.  Mo. 

Proposed  by  Herman  Garlichs,  William  Allen  Smith,  Franz  Cazin. 

Bom  1865,  Milan,  O.  1884,  Huron  Institute.  1888,  Ohio  State  Univ.  1893, 
Pueblo  Smelt.  &  Ref.  Co,  1898-1902.  MiU  and  Smelter  designing.  1902-03,  Chief 
Engr.,  Old  Dominion  Copper  Mm.  Co.  1904-05,  Murray  Plant,  Amer.  Smelt.  & 
RelTdo.     1905.  U.  S.  S.  R.  &  M.  Co.     1906^7,  Tintic  Smelt.  Co. 

Present  i)Osition:  Chief  Engr.,  St.  Joseph  Lead  Co. 

Guy  Emerson  Sheridan,  Butte,  Mont. 

Proposed  by  W.  C.  Siderfin,  J.  F.  Welbom,  W.  N.  Rossberg. 

Born  1879,  Detroit,  Mich.     1902,  Univ.  of  Montana,  B.  S.     1902,  Chem,,  Colorado 
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Smelt,  k  Min.  Ck>.     1904,  Chem.,  Colusa  Parrot  Min.  ft  Smelt.  Co.     1914,  Chem., 
Timber  Butte  Mill.  Co. 

Present  position:  Chief  Chem.,  Timber  Butte  Mill.  Co. 

nake  William  Smettem,  Newcastle,  Tex. 

Proposed  by  F.  K.  Copeland,  £.  J.  Rossbach,  D.  F.  Nance. 

Bom  1884,  Kansas  City,  Mo.  1896-1900,  Grammar  School,  Springfield,  Mo. 
1900-02.  ffigh  School,  Sprmgfield,  Mo.  1902-04,  Private  Tutor,  Ft.  Worth,  Tex. 
1906,  Private  Tutor,  New  (Means,  La.  1902-04,  Rodman.  Gulf  Colorado  k  Santa 
Fe  Ry.,  Texas.  1905,  Rodman.  St.  Louis  k  San  Francisco  Ry.,  Memphis.  1905-06. 
Lereler,  Louisiana  k  N.  West.  Ry.,  Homer,  La.  1906-07,  Inspecting  £ngr..  The  Rail 
Joint  Co..  New  Orleans,  La.  1908-10,  Special  Work  Foreman,  New  Orleans  Ry.  k 
Lt.  Co.,  New  Orleans,  La.  1911,  Chief  £n|^.,  Stone  k  Webster,  Eng.  Corp.,  Ft. 
Worth,  Tex.  1912-13,  Chief  Engr.,  Texas  Building  Co.,  Ft.  Worth,  Tex.  1913, 
Cbief  Engr.,  Tarrant  Const.  Co.,  Ft.  Worth,  Tex.  1914-15,  Chief  Engr.,  Strawn 
Coal  Co.,  Strawn,  Tex.     1915-16,  Chief  Engr.,  Belknap  Coal  Co.,  Newcastle,  Tex. 

Present  position:  Chief  Engr.,  Belknap  Coal  Co. 

Frank  Norton  Spencer,  New  York,  N.  Y. 

Proposed  by  J.  H.  Janeway.  J.  E.  Hayes,  Jr.,  George  C.  Stone. 

Bom  1883,  Toledo,  O.  1901,  Lawrenceville  School.  1905,  Princeton,  Civ. 
Enm.  1905-06,  En^g.  Dept.,  Penna.  Lines.  1906-07.  Engr.,  Dittoe  k  Wisenalle, 
Architects,  Cincinnati.  1907-11.  Chief  Engr.,  A  Bentley  k  Sons  Co.,  Toledo,  O. 
1912-16,  Mgr.,  Leonard  Const.  Co.  New  York  City. 

Present  position:  Asst.  to  the  Genl.  Mgr.,  The  New  Jersey  Zinc  Co. 

Leighton  Stewart,  New  York,  N.  Y. 

Proposed  by  Edmond  N.  Skinner,  W.  H.  Aldridge,  Lucius  W.  Mayer. 

Bom  1887,  Simimerside,  Canada.  1909,  Grad.,  McGill  Univ.,  B.  Sc.  in  Min. 
Engrg.,  Montreal,  Canada.  1909,  Engrg.  and  Sampling  Dept.,  Ray  Cons.  Copper 
Co.^  Uay^  Ariz.  1910-13^  Min.  Engr.,  at  the  Asientes,  Charcas  and  Santa  Barbara 
Units,  Min.  Dept.,  American  Smelt,  k  Ref.  Co..  Mexico.  1913,  Asst.  Supt.,  Cusi 
Min.  Co.,  Cusihuiriachic.  Chih.,  Mexico.  1913-16,  Field  Engr.,  Andes  Exploration 
Cc^.,  Santiago,  Chile,  S.  Amer. 

Kurt  Stock,  Bartlesville,  Okla. 

Proposed  by  K.  C.  Eraser,  F.  R.  Bell,  Harold  C.  Price. 

Bom  1874,  Berlin,  Germany.  1881-84,  The  complete  type  of  education  usual  in 
Germany  Schools  (Real-Gymnasium)' ending  with  the  Abiturium.  1901-05.  Studied 
at  Royal  Saxon  School  of  Mines,  Freiberg,  Saxony,  and  obtained  the  degree  of 
"DipIom-Huetten-lngenieur''  (Met.  Engr.).  1894-1901,  in  different  banking  firms 
in  Berlin,  Germany  and  London,  England.  1906,  Asst.  Chemist,  Globe  Smelter, 
Amer.  Smelt,  k  Ref.  Co.,  Denver,  Colo.  1906-10,  Chief  Chemist  and  Asst.  Supt., 
U.  S.  Zinc  Co.,*  Pueblo,  Colo.  1910-13,  Supt.,  Lanyon-Starr  Smelt.  Co.  (The 
American  Metal  Co.,  Ltdji,  Bartlesville,  Okla.  1913-14,  Supt.  and  Vice-Pres., 
Altoona  Zinc  Smelt.  Co.  (The  American  Metal  Ck).,  Ltd.),  Altoona,  Kans.  1914, 
Visit  in  Europe.  1914-15,  Constructed  the  Clarksburg  Clinkering  Co.'s  plant, 
Bridgeport,  W.  Va.,  for  the  American  Metal  Co.,  Ltd. 

Present  position:  1915  to  date;  Supt.,  Bartlesville  Zinc  Co.  (The  American  Metal 
Co.,  Ltd.). 

Sidney  Marvin  Stone,  Virginia  City,  Nev. 

Proposed  by  Charles  Butters,  Whitman  Symmes,  Francis  Church  Lincoln. 

Bom  1876,  San  Francisco,  Cal.  Grammar  Schools,  San  Francisco,  Cal.  1892, 
Orad^  Boys  High  School.  1893-98,  Purchasing  agent,  Sunmir  and  Jack  Gold  Min. 
Co.,  Gemuston,  S.  African  Republic.  1899-19%.  Miner  and  Shift  Boss,  La  Fortuna 
Mine,  Blaisdell,  Ariz.  1901-04,  Employed  in  preliminary  surveys  of  Western  Pacific 
Railway.  1904-16,  Mgr.  for  (Jhas.  Butters,  Kennett,  Shasta  Co.,  Cal.  and  Chas. 
Buttara  k  Co.,  Ltd.,  Virginia  (Dity,  Nev. 

Present  position:  Mgr.,  Chas.  Butters  k  Co.,  Ltd. 

Roy  Lesslie  WahL  Crosby,  Minn. 

Proposed  by  W.  Weame,  F.  W.  McNair,  F.  W.  Sperr. 

Bom  1891.  Amheim,  Mich.  1909,  Hancock  High  School.  Hancock,  Mich.  1912,, 
Michigan  College  of  Mines,  Houghton,  Mich.,  E.  M.  and  B.  S.  1912-15,  Min.  Engr., 
Roeers  Brown  Ore  (Ik>.,  Chicago,  111. 

Present  position:  1915  to  date;  Min.  Engr.,  Inland  Steel  Co. 
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Leland  Edward  Wemple,  Hillsboro,  HI. 

Proposed  by  Henry  A.  Went  worth,  Charles  E.  Locke,  Carle  R.  HAVward. 

Born  1886,  Waverly,  HI.  1902-04,  Illinois  College.  1904-08,  Mass.  Inst,  of 
Tech.,  S.  B.  1909-13,  Supt.,  Smelting  Dept.,  Hoyt  Metal  Co.,  St.  Louis,  Mo.  1913- 
14,  Asst.  Mgr.  Smelters,  Caney,  Kans.  1914,  Met.,  American  Zinc  Lead  &  Smelt. 
Co.,  Hillsboro,  111. 

Present  position:  Met.,  American  Zinc  Lead  &  Smelt.  Co. 

Leslie  Vickery  Waterhouse,  Queenstown,  Tasmania. 

Proposed  by  Robert  P.  Roberts,  Robert  Sticht,  Charles  E.  Cook. 

Bom  1886,  Sydney,  N.  S.  W.  1898-1904,  Sydney  Grammar  School,  N.  S.  W. 
1905-09,  Sydney  Univ.,  N.  S.  W.,  B.  E.  1910,  Member,  Australasian  Institute  of 
Min.  Engrg.  1914,  Associate  Member,  Institute  of  Min.  &  Met.  1910,  Assayer 
Broken milBlock  14  Silver  Min.  Co.  1910-12,  Experimental  Met.,  Broken  Hill  Junc- 
tion North  Silver  Min.  Co.  1913  to  date,  Flotation  Experimentalist,  £^d  Mill  Supt., 
The  Mount  Lyell  Min.  &  Ry.  Co.,  Ltd. 

Present  position!  Mill  Supt.,  The  Mount  Lyell  Min.  &  Ry.  Co.,  Ltd. 

Associate  Members 

Edward  F.  Boyle.  St.  Louis,  Mo. 

Proposed  by  J.  u.  Robertson,  John  B.  Emerson.  H.  A.  Wheeler. 

Bom  1884,  Brooklyn,  N.  Y.  Brooklyn,  N.  Y.  Public  Schools,  and  acquainted  with 
faculty  of  Pratt  Institute,  also  extensive  instruction  under  H.  T.  Beckwith,  Palo 
Alto,  Cal.  Leland-Stanford  University  also  Mr.  Barringer  of  Philadelphia.  Very 
near  fifteen  years  with  IngersoU-Rand  Co.  in  general  mining  and  compressor  work. 
Also  expert  core-driller  in  West  Va.,  New  Mexico,  Arizona  and  N.  Y.  State  for  Inger- 
soll-Rand  Co. 

Present  position:  Sales  Engr.,  IngersoU-Rand  Co. 

A.  Palmer  Coombe,  Cleveland,  O. 

Proposed  by  R.  P.  Tinsley,  George  D.  Barron,  LP.  Lihme. 

Born  1864,  Bermuda. 

Tames  McClure  Piatt,  Alamosa,  Colo. 

Proposed  by  W.  A.  Butchart.  L.  A.  Delano,  H.  Rabling. 

Bom  1883,  Elizabeth,  N.  J.  1893-98,  Grammar  and  High  School,  Colorado 
Springs,  Colo.  1898-99,  East  Denver  High  School.  1902-06,  Colorado  College, 
School  of  Engrg.  1911,  Colorado  College,  B.  S.  1899-1902,  with  J.  R.  Rockfellow, 
Tombstone,  Ariz.  1907,  Mine  Surveyor,  Dolores  Mine,  American  Smelters  Securities 
Co.,  Matehuala,  S.  L.  P.,  Mex.  1908,  Engr.,  Cia.  Min.  La  Quimica  y  Anexas,  Sulte- 
pec,  Est.  de  Mex.,  Mex.  190^16,  Supt.,  Guadalupe  Arcos  Mine,  Zacualpan,  Est.  de 
Mex.,  Mex. 

Present  position:  In  charge  of  mining  operations  of  Mr.  G.  E.  Trager. 

Edward  Taylor  '^^son,  Denver,  Colo. 

Proposed  by  R.  P.  Tinsley,  Ernest  R.  Acker  man,  Henry  D.  Hibbard. 
Born  1869,  Ballston  Spa,  N.  Y.     High  School.     Thirty  years  in  the  petroleum  oil 
business,  twenty-six  of  which  have  been  with  the  Standard  Oil  Co. 
Present  position:  Pres.,  The  Continental  Oil  Co. 

George  Wingfield,  Reno,  Nev. 

Proposed  by  E.  A.  Julian,  J.  W.  Hutchinson,  Francis  Church  Lincoln. 
Bom  1876.  Fort  Smith,  Ark.     Pres.,  Goldfield  Cons.  Mines  Co.,  Nevada   Hills 
Min.  Co.,  Bucfchorn  Mines  Co.  and  a  number  of  others  for  several  years. 
Present  position :  Pres.  of  above  companies. 

Junior  Members 

James  Andrew  Bruce  Armstrong,  New  York,  N.  Y. 

Proposed  by  Charles  P.  Berkey,  R.  M.  Raymond,  Robert  Peele. 

Born  1894,  New  York  City.  1900,  Public  School,  New  York  City.  1908, 
Flushing  High  School,  L.  I.  1912,  Surveyor  for  C.  U.  Powell,  Flushing,  L.  I.  1915, 
Asst.  to  Master  Mech^  Lehigh  Coal  and  Nav.  Co.,  Lansford,  Pa. 

Present  position:  Senior,  Columbia  Univ. 
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Michiya  ffiraoka,  Boston,  Mass. 

Proposed  by  Charles  E.  Locke,  Carle  R.  Hayward,  Edward  E.  Bugbee. 

Bom  1877,  Tokyo,  Japan.  Primary  School.  1895,  Middle  School.  1901,  High 
School.  1904,  Tokyo  Imperial  Univ.  1904-08.  Engr.,  Kasakura  &  Ashio  Copper 
Mines.     1908-16,  Teacher,  Osaka  Technical  College. 

Present  position:  Student,  Mass.  Inst,  of  Tech. 

Harry  Daniel  Kline,  RoUa,  Mo. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  H.  A.  Buehler. 

Bom  1892,  RoUa,  Mo.  1910,  Grad.,  Rolla  High  School.  1910,  Surveyors' 
helper,  Utah  Copper  Co.,  Bingham,  Utah.  1911-12,  Mining  and  Sampler,  Utah 
Copper  Co.,  Bingham,  Utah.  1913^14,  Mining,  Buckhorn  Mines  Co.,  Buckhorn, 
Xev.     1915,  Mining,  Joplin,  Mo. 

Present  position:  Student,  Missouri  School  of  Mines. 

Himyet  Lee,  Golden,  Colo. 

Proposed  by  William  R.  Chedsey,  F.  W.  Traphagen,  Harry  J.  Wolf. 
Bom  1892,  Kuantung,  China.     Prepared  for  college  in  Tokyo,  Japan. 
Present  position :  Senior  Student,  Cfolorado  School  of  Mines. 

Wmiam  Walinsley  Ljrncli,  New  Haven,  Conn. 
Proposed  by  J.  F.  McClelland,  L.  W.  Bahney,  Arthur  F.  Taggart. 
Bom  1894,  Rowavton,  Conn.     1912-15,  Sheffield  Scientific  School,  Ph.  B.     1915, 
Laborer,  Canadian  Cfopper  Co.,  Creighton  Mine,  Ont. 
Present  position:  Student,  Sheffield  Scientific  School. 

Carlos  Aliaga  Mariaca,  La  Paz,  Bolivia,  S.  Amer. 

Proposed  by  Franz  Germann,  J.  F.  Aguilar-Revoredo,  F.  J.  Dorion. 

Bom  1882,  La  Paz.  General  education  in  the  National  College  of  La  Paz.  1900- 
05,  Technical  education  in  the  Escuela  de  Mineria  at  La  Serena  &  Santiago,  Chile. 
1908,  Engr.,  La  Paz  Min.  Co.  1908-11,  Compania  Corocoro  de  Bolivia.  1912-15, 
Director,  Escuela  Nacional  de  Mineria,  Oruro,  Bolivia. 

Present  position :  Consulting  practice. 

wmiam  Bennett  Miller,  Berkeley,  Cal. 

Proposed  by  Andrew  C.  Lawson,  Charles  E.  van  Barneveld,  W.  S.  Morley. 

Bom  1888,  Plattsmouth,  Nebr.  Up  to  1909,  Public  Schools,  San  Bernardino. 
1909-16,  Univ.  of  Cal.  1913-14,  Sub-level  boss,  Ray  Cons.  Copper  Co.,  Shift-boss, 
Yellow  Aster  Min.  &  Mill.  Co. 

Present  position:  Student,  Univ.  of  Cal. 

Howard  Leslie  Minister,  Canon  City,  Colo. 

Proposed  by  Harry  J.  Wolf,  F.  W.  Traphagen,  E.  P.  Mathewson. 

Bom  1891,  Zaleski,  O.  1908,  Grad.,  &)uth  Canon  High  School.  Nine  months. 
Diamond  Fire  Brick  Co.,  Canon  City,  Colo.  Seven  months.  U.  S.  Smelt  Co.,  Canon 
City,  Colo.  Three  and  one-half  years.  Empire  Zinc  Co.,  Canon  City,  Colo.  Four 
months,  Wolf  Park  Coal  Co.,  near  Canon  City,  Colo. 

Present  position:  Senior,  Colorado  School  of  Mines. 

Will  Merton  Traver,  Jr.,  Central  City,  Nebr. 

Proposed  by  William  Wraith,  V.  A.  Hart,  F.  W.  Traphagen. 

Bom  1894,  Nampa,  Ida. 

Present  position:  Student,  Colorado  School  of  Mines. 

Change  of  Status — Associate  Member  to  Member 

John  William  McBride,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  McD.  Porter,  W.  H.  Linney. 

Bom  1871,  KQboum,  Wis. 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  office  during  the  period  May  10,  1916  to  June  10, 
1916. 
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This  list  together  with  the  list  published  in  Bulletin  Nos.  110  to 
114,  February  to  June,  1916,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to  Jan-  1, 
1916  and  brings  it  up  to  the  date  of  June  10,  1916. 

Adamb,  Arthur  K High  St.,  Spencer,  Mass. 

AoniLARy  PoNciANO La  Presa  87,  Guanajuato,   Mexico. 

Alderson,  Victor  C,  Mgr.,  Winnemucca  Mining  &  Milling  Co.,  Winnemucca,  Nev. 

Allen,  C.  A 3  Morse  St.,  Dorchester,  Mass. 

Allen,  Milton  A.,  Min.  Engr.,  Arthur  L.  Pearse  &  Ck»., 

346  Broadway.  New  York,  N.  Y. 

Alsdorf,  Frederick  C,  Min.  Engr Great  Northern  Hotel,  New  York,  N.  Y. 

Anderson,  Robert  J Amer.  Rolling  Mill  Co.,  Middletown,  Ohio. 

Andrebn,  H.  M R.  F.  D.  1,  Redwood  City,  Cal. 

Armstead,   Daniel  M 300  No.  Broadway,   St.  Louis,    Mo. 

Barbour,  Percy  E.,  Managing  Editor,  Engineering  ahd  Mining  Journal, 

10th  Ave.  A  36th  St.,  New  York,  N.  Y. 

Bartlbtt,  Edward  E Box  216,  Sapulpa,  Okla. 

Bassett,    Thomas   E Instructed   to  hold   everything. 

Benham,  W.  M Co.  H,  1st  Arizona  Infantry,  Douglas,  Ariz. 

Bergman,   Julius  Gubtaf 1211   Mills  Bldg.,   El  Paso,   Tex. 

BiGELOw,  Braxton,  170th  Company  Royal  Engineers, 

British  Expeditionary  Force,  France. 

BiLHARz,  O.  My,  Min.  Engr.,  Pres The  O.  M.  Bilharz  Min.  Co.,  Miami,  Okla. 

BiLLicK.  Don  C.,  Mill  Supt Comet  Mine,  Basin,  Montv 

Blair,  Albert  E.,  Genl.  Mgr.,  Estates  of  Francisco  Madero,  University  Club, 

2a  Bucareli  35,  Mexico  City,  Mex. 

Blake,  T.  W South  Haven,   Mich. 

BoNSACK,  Arthur  A.,  Bonsack  Machinery  Co.,  1935  Boatmen's  Bank  Bldg., 

St.  Ik»\us,  Mo. 

BoRNHOPT,  Hbnrt P.  O.  Box  867,  San  Antonio,  Tex. 

Boyd,   Jesse   Taylor,   Supt Red  Cliff   Mines,   Red   Cliff,    Colo. 

Bradt,    Harlan    H Lake    Mills,     Wis. 

Brinker,  Arthur  C,  Min.  Engr.,  Mgr.,  The  Buena  Tierra  Min.  Co.,  Ltd.. 

1209  MUls  Bldgy^  El  Paso,  Tex. 

Brock,  R.  W Univ.  of  British  Columbia,  Vancouver,  B.  C,  Canada. 

Brooke,   Lionel Instructed  to   hold  everything. 

Brooks;  John  M.,  Jr.,  Care  Chile  Exploration  Co.,  Chuquicamata,  Chile, 

S.  Amer.,  via  Colon  &  Antofagasta. 

Bromly,  a.  H 94  Lennard  Road,  Penge,  London,  S.  E.,  England. 

Brown,  Arthur  H 133  Kent  St.,  London,  Ont.,  Canada. 

Bryden,  C.  L U.  S.  Smelt.  Co.,  Inc.,  120  Broadway,  New  York,  N.  Y. 

BuRBRiDGE,    Thomas   B Box   660,    Denver,    Colo. 

Burns,    J.    J Care    Leonard    Hotel,    Butte,    Mont. 

BuRRAQE,  Robert  H Needham,  Mass. 

Cahen,  James  P,  JR 353  Central  Park  West,  New  York,  N.  Y. 

Campbell,    W.    C 1454    Logan    St.,    Denver,    Colo. 

Carlson,  A.  E Care  The  Shannon  Copper  Co.,   Metcalf,   Ariz. 

Carpenter,  Edwin  Lisbel,  Vice-Pres.,  Chesapeake  and  Ohio  CoaJ  and  Coke  Co., 

120  Broadway,  New  York,  N.  Y. 

Carpenter,   James  R 1080  North  Ave.,  Elizabeth,   N.   J. 

Carbtens,     C.     E Ackiey,     la. 

Chapman,    Lewis    C Box    222,    Tecumseh,     Nebr. 

Clapp,    L.    R Silverton,     Colo. 

Clark,  Frederick  P 4311  Barring  Ave.,  East  Chicago.  Ind. 

Clark,  Hopewell 1027  Summit  Ave.,  St.  Paul,  Minn. 

Clarke,  Roy  H Takilina,  Josephine  Co.,  Ore. 

Cooper,  M.  D Care  Ford  Collieries  Co.,  Curtisville,   Pa. 

CoRWiN,  Frank  R.,  Asst.  Supt.,  Care  Consolidated  Arizona  Smelt,  CJo., 

Humboldt,  Ariz. 

Counselman,    Theodore    B 808    Sellwood    Bldg.,    Duluth,    Minn 

CoxB,  Edward  H Care  T.  W.  Guthrie,  1735  Oliver  Bldg.,  Pittsburgh.  Pa! 

Crispbll,  C.  W 66  W.  Chestnut  St.,  Kingston,  N.  Y. 

Croston,    John    J Box    46,    Victor,    Colo. 


American  Institittb  of  Miking  Enqinbers  xxix 

CmoNGHAif,  GEORaE  H.,  Constr.  Engr.,  Electrolytic  Plant, 

Amusonda  Copper  Mining  Co.,  Great  Falls,  Mont. 

DiLBimo.  F.  A CaffiUa  324,  lima.  Peru,  South  Ajnerica. 

Danul,  William  B.,  Care  Frank  W.  Daniel,  Comly  St.  &  Delaware  River, 

Wissinoming,  Philadelphia,  Pa. 

DatibS)  Fred  A 304  Pine  St.,  Anaconda,  Mont. 

Dawson,  Thomab  W.,  Min.  Engr.,  Chief  Engr.,  H.  C.  Frick  Coke  Co.,  Scottdale,  Pa. 

Diane,  Willard  Albert,  Flotation  Engr.,  Research  Dept.,  Anaconda  Copper  Co., 

Anaconda,  Mont. 

DicKXAN,  R.  N 1010  Maelers  Bldg.,  Chicago,  lU. 

DuBHAH,  E.  B Care  Mammoth  Copper  Mining  Co^  Kennett,  Cal. 

Eaton,  E.  R, Care  Kirby  Thomas,  Esq.,  120  Broadway,  New  York,  N.  Y. 

Edelen,  a.  W Socorro,  N.  Mex. 

Edmondson,  B[.  W Silver  Mine,  Madison  Co.,  Mo. 

Eldredge,    R.    B Ward,    Colo. 

Ellis,  Hubert  I Jordan  Valley,  Ore. 

Fraser,  William  L.,  Supt.,  Oro  Grande  Min.  Co., 

737  Citizens  National  Bank  Bldg.,  Los  Angeles,  Cal. 

FuEDRicH,  Alfred  K 3226  W.  14th  St.,  Cleveland,  O. 

Gat,  Ware  B Mayo  Land  &  Bridge  Co.,  Richmond,  Va. 

Gibbons,  F.  J Great  Western  Copper  Co.,  Courtland,  Aris. 

Graff,  W.  W Box  166,  Gwinn,  Mich. 

Graham,  Walter  F Painted  Poet,  N.  Y. 

Grbenan,   J.  0 806  Crocker  Bldg^  San  Francisco,   Cal. 

Gregory,  Edward  Henrt,  Min.  Engr P.  O.  Box  167,  Guadalajara,  Jal.,  Mex. 

Hale,  H.  C The  Hale-Stephen  Co.,  600  Schofield  Bldg.,  Cleveland,  O. 

Hamltn,  J.  J Yuba  Construction  Co.,  Marysville,  Cal. 

Hansen,  C.  A Care  General  Electric  Co^  Salt  Lake  City.  Utah. 

Head,  James  L 703  S.  Clark  St.,  Moberly,  Mo. 

Heiibr,  O.  F 70  Black  Oak  Mine,  Saulsbyville,  Cal. 

Herman,  Htman,  Geological  Survey  of  the  Mines  Department, 

Melbourne,  Vict.,  Australia. 

Hess,  K,  F.,  Flotation  Foreman Burro  Mountain  Copper  Com  Tyrone,  N.  Mex. 

Hill,  Frank  Albert 411  Mutual  Life  Bldg.,  Seattle,  Wash. 

Hinckley,  E.  R Care  The  Royal  John  Mine,  Sherman,  N.  Mex. 

Hinbs,  p.  R.,  Care  Mining  Machinery  Dept.,  Allis  Chalmers  &  Co^  Milwaukee.  Wis. 

Hocking,  R.  O. Box  667,  Nashwauk,  Minn. 

Hoffmann,  John  S Hill  City,  S.  Dak. 

Holmes,  R.  G.,  Salesman,  The  Denver  Rock  Drill  Mfg.  Co., 

608  First  Avenue  South,  Seattle,  Wash. 

Hook,    J.    S Ponca    City,    Okla. 

HuRSH,  Robert Care  The  Empire  Zinc  Co.,  703  Symes  Bldg.,  Denver,  Colo. 

Hctchinb^  J.  P Marskaya  21,  Apartment  24,  Petrograd,  Russia. 

Hyde,  James  M Silverton,  Colo. 

Imhoff,  Wallace  G 6805  Penn  Ave..  Pittsburgh,  Pa. 

Inoalsbe,   F.    R Forest   Service^   Missoula,    Mont. 

Ishihara,  K Kenjibo  Iron  Works,  Mitsubishi  Co.,  Okaido,  Chosen,  Korea. 

Jahn,  William  F Riebeling,  Mont. 

Jensen,  Joseph Gallup,  N.  M. 

Johnson,  F.  A.,  Care  Standard  Oil  Co.  of  N.  Y.,  Changsha.  Hunan  Prov.,  China. 
Kane,  John  I.,  Care  American  Smelt.  &  Ref.  Co.,  1112  Mills  Bldg.,  El  Paso,  Tex. 

Keep,  Glenn  A. 1624  E.  73d  St.,  Cleveland,  O. 

Kellooo,  L.  O 629  W.  136th  St.,  New  York,  N.  Y. 

Kemp,  L.  W Instructed  to  hold  everything. 

Kennedy,  George  A 627  Symes  Bldg.,  Denver,  Colo. 

Klopstock,  Paul Paul  Klopstock  &  Co.,  17  Battery  Place,  New  York,  N.  Y. 

Koch,  Hugo  E.,  Bench  Chemist,  Atlas  Portland  Cement  Co.. 

Care  Y.  M.  C.  A.,  Hannibal,  Mo. 

Kohl,  E.  William,  Jr Central  Borjita,  Dos  Caminos,  Oriente,  Cuba. 

Kong,  S.  T.,  Engr.,  Hupeh  Grovemment  Mining  Bureau,  Wuchang,  Hupeh,  China. 

KaoGH,  Alvin  R 304  Pine  St.,  Anaconda,  Mont. 

Lamb,  R,  B .• 26  Broad  St.,  New  York.   N.  Y. 

Lamb,  Richard,  Cons,  and  Constructing  Engr 90  West  St.,  New  York,  N.  Y. 

Leland.  Everard Clifton,  Ari«. 

Levis,  A.  C Box  678,  Golden,  Colo. 

Lbwib^  Robert  S The  Pines,  Bass  Lake,  P.  O.,  Madera  Co.,  Cal. 
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LiBBBY,  F.  W 307  North  First  St.,  Phoenix,  Ariz. 

Lipscomb,  Robert  A Covington,  Va. 

I»i8T,  E Care  Nevada  Smelting  Co.,  Nevada,  Mo. 

Loo,  P.  C 214  W.  Newton  St.,  Boston,  Mass. 

McBridb,   W.   G 2027  East  First  St.,  Long  Beach,  Gal. 

McCrodan,  B.  a.,  Chemist,  Old  Dominion  Copper  Mining  &  Smelting  Co., 

Globe,  Ariz. 

McFadden,     George  Caldwell 407  West  Main  St.,  Danville,   111. 

McKbchnib,   B.  E Hanover  Bessemer  Iron  &  Copper  Co.,  Fierro,   N.   M. 

Merriman,  T.  C 249  Ellsworth  Ave.,  New  Haven,  Conn. 

MiLLER,  C,  R., Engr.j  Graham  Bros.,  Stockholm,  Sweden. 

MoRAN,  Robert  B 208  Union  League  Bldg^  Los  Angeles,  Cal. 

Morrison,  George  A.,  Min.  Engr.,  Care  A.  E.  Morrison,  1983  W.  111th  St., 

Chicago,  111. 

Nebekbr,  William  G Alta  Club,  Salt  Lake  City,  Utah. 

Nibecker,  Karl Mulberry  and  Spruce  Ave.,  N.  W.,  Cleveland,  O. 

O'Brien,  Thomas  S.,  Care  Joshua  Hendy  Iron  Works,  75  Fremont  St., 

San  Francisco,  Cal. 

Oliver,   Earl 115  E.   15th  St.,   Bartlesville,   Okla.. 

O'Neil,  Frederick  W 432  Newberry  Blvd.,  Milwaukee,  Wis. 

Orrok,    George    A R.  F.  D.  3,  Willimantic,  Conn. 

Overpbck,  a.  C Kingman,  Ariz. 

Pearl,  Holman  I Brucej   Wia. 

Pettis,    E.   S Chichagof,    Alaska. 

PiTTMAN,  Frank  L Contact,  Nev. 

Place,  Richard  G 1106  Garfield  Ave.,  Pasadena,  Cal. 

Plumb,  E.  T 11  Polhemus  Place,  Brooklyn,  N.  Y. 

Pollen,  Clement  H.,  Care  N.  A.  Wallinger,  Esq.,  Cranbrook,  B.  C,  Canada. 

Pope,  John  D 829  West  Quartz  St.,  Butte,  Mont. 

Powell,  F 5011 15th  Ave.,  N.  E.,  Seattle,  Wash. 

Power,  F.  Danverb,  Perpetual  Trustee  Chambers,  33-39  Hunter  St.. 

Sydney,  N.  S.  W.,  Aust. 

Pratt,  Morton  E Casilla  28,  Guayaquil,  Ecuador,  South  America. 

Prescott,    Basil 3314    Douglas    St.,    El    Paso,    Tex. 

Raiber,  Nicola  us  H 147  South  Hyde  Park  Ave.,  Scranton,  Pa. 

Rainbford,  R.  S.,  Care  J.  C.  White  &  Co.,  Inc.,  43  Exchange  Place,  New  York,  N.  Y. 

Ralph,    Walter  H Care   U.   S.    Mines,   Bingham   Canyon,    Utah. 

Raymond.  R.  W Washington,  Litchfield  Co.,  Conn. 

Rhoaos,  Albert  E Y.  M.  C.  A.,  Denver,  Colo. 

Riddell,  Guy  C,  Cons.  Met.,  Broken  Hills  Associated  Smelters  Proprietary  Co., 

Ltd.,  Port  Pirie,  N.  S.  W.,  Aust. 
Rigg,  Gilbert,  Care  Associated  Smelters  Proprietary,  Ltd., 

Collins  House,  Collins  St.,  Melbourne,  Aust. 
Roberts,  Edward  J.,  Daley  Cons.  Mines  Co.,  27  W.  3d  St.,  Salt  Lake  City,  Utah. 

Ross,  H.  W Care  Backus  &  Johnson,  Lima,  Peru,  South  America. 

RoBSBACH,  E.  J.,  Sales  Engr.,  Sullivan  Machinery  Co.,  Suite  413, 

122  South  Michigan  Ave.,  Chicago,  111. 
ScHiFPNBR,  Otto  E.... Great  Western  Cons.  Min.  Co.,  Box  503,  Tonopah,  Nev. 

Sbibert,  p.  a Clearspring,   Md. 

Semple,  R.  a.,  Care  The  Federal  Dyestuflf  and  Chemical  Co.,  Kingsport,  Tenn. 

Shaffer,  W.  B Lock  Box  62,  Nazareth,  Pa. 

Shaver,  Herbert  H Shavertown,  Luzerne  Co.,  Pa. 

Sherman,  Fred  W Ray  Cons.  Copper  Co.,  Ray.  Ariz. 

Simon,  Trevor  B 6736  Hobart  St.,  Pittsburgh,  Pa. 

Skerritt,  a.  W.,  Care  H.  W.  Davidson,  Esq.,  Chosen  Gold  Mines,  Ltd., 

Seoul,  Chosen,  Kor&. 

Smith,    E.    Percy Hailey,    Idaho. 

Smith,  Frank  A Care  P.  Paulson,  Rawlins,  Wyo. 

Smith,  Lyon Gladstone  Hotel,  Chicago,  111. 

Snow,  Frederick  W.,  Care  Robert  Wilhams  &  Co.,  Friars  House, 

New  Broad  St.,  London,  E.  C,  England 

SoPER,    Ralph   H 307   Central   National  Bank   Bldg.,    Tulsa,    Okla. 

Starkby,  Tom  R.,  Lieut.,  C  Co.  Ist  Lakour  BattaHon,  R.  E.,  British  Expeditionary 

Force,  Care  General  Post  Office,  London,  England 
Starr,  Charles  C,  Mgr.,  Gage  Tungsten  Property  &  Field  Engr., 

Goldfield  Cons.  Mines  Co.,  Deming,  N.  M. 
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Stater,  W.  H 1808  Rivermont  Ave.,  Lynchburg,  Va, 

^TRCTHEBS,  JosEPH,  CheiD.,  Met.;  Treafl.,  Federal  Export  Corpn., 

Ill  Broadway,  New  York,  N.  Y. 

Thompson.  A.  P Care  Green  Monster  Min.  Co.,  Jerome,  Ariz. 

Thomas,  D.  R Moose  Mountain,  Ltd.,  Sellwood,  Ont.,  Canada. 

Thorkhill,  £.  Bbtant Metals  Recovery  Co.,  Cobalt,  Ont.,  Canada. 

Udb,  Edoar 3601  So.  Grand  Ave.,  St.  Louis,   Mo. 

Van  ZwALuwENBiTBO,  A.,  Care  Walter  Harvey  Weed,  29  Broadway,  New  York,  N.  Y. 

VooRHESS,  Frederick  A 2814  Ellendale  Place,  Los  Angeles,  Cal. 

Waltbr,    E.    W Silverton,  Colo. 

Walters,  M.  B Instructed  to  hold  everything. 

Watton.  Eugene  E.,  Pres.,  The  United  Oil  Co.,  309  McPhee  Bldg..  Denver,  Colo. 
Weir,  George,  North  Broken  Hill,  Ltd.,  Collins  House,  Collins  St., 

Melbourne,  Vict.,  Australia. 
Wbkslby,  Roger  L.,  Care  William  Young  Westervelt,  17  Madison  Ave., 

'  New  York,  N.  Y. 

White,  Edwin  Ellis,  Supt.  of  Mining  &  Prospecting,  ' 

Tata  Iron  &  Steel  Co.,  Ltd.,  Sakchi,  India. 

White,  Harold  E 616  Elmwood  Ave.,  Buffalo,  N.  Y. 

White,  J.  L.,  Supt.  of  De  Soto  Mine,  Cons.  Arizona  Smelt.  Co.,  Ocotillo,  Ariz. 

Willard,  James  O 211  S.  Dithridge  St.,  Pittsburgh,  Pa. 

Wilmot,  H.  C Santiago,  Chile,  South  America. 

WiLBON,  Frank  Lake 437  63d  St.,  Oakland,  Cal. 

WiLBox,  M.  O 120  Broadway,  New  York,  N.  Y. 

Witt,  Herbert  N Goldfield,  Ncv. 

Wong,  S.  C 526  N.  School  St^  Honolulu,  H.  I. 

Wright,  Percy  E 6533  33d  Ave.,  N.  E.,  Seattle,  Wash. 

Yoimo,  Hates  W Asst.  Prof,  of  Met.,  Stanford  Univ.,  Cal. 

Members'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  Returned. 

Barnes,  Blaksslee Arrow  Engineering  Co.,  Palmyra,  Mo. 

Bbll,  D.  a.  S 136  McLaren  St.,  Ottawa,  Canada. 

Blow,  J.  J 172  Rodney  St.,  Brooklyn,  N.  Y. 

Booth,  E.  L 349  W.  145th  St.,  New  York,  N.  Y. 

BoTs,  H.  R Aurora  Cons.  Min.  Co.,  Aurora,  Nev. 

Breknax,  J.   C Tequisquiapan,  Queretaro,   Mexico. 

Cairns,  John  M Henry  S.  King  &  Co.,  65  Cornnill,  London,  E.  C,  England. 

Cole,  Robert  J McKay  Apartments,  7th  &  Pike  Sts.,  Seattle,  Wash. 

Cook,  Pattl  Richardson 4159  Grand  Boulevard,  Chicago,  III. 

Crart,   Charles   N Kimberly,    Nev. 

Draper,  Carl  H Apartado  77,  Guadalajara,  Jal.,  Mexico. 

Foster,  George  C 18  Cadogan  Blk.,  Calgary,  Alta.,  Canada. 

GoEDiCKE.  Carl Box  535,  San  Antonio,  Tex. 

GoRDON-FiREBRACE,   W.   E 812  SaUsbury  House,  London,   E.  C,   England. 

Grant,  Ulysses  S.,  IV Westmorly  Court,  Cambridge,  Mass. 

Gunther,    C.    Godfrey Stratford,    Conn. 

Hamlon,  John  Edward Timmins,  Ont.,  Canada. 

HoBART,   Edmund  Norris Clifton,   Ariz. 

Jones,  Thomas  J.,  Mine  Mgr.,  Kyshtim  Min.  Wks.,  Perm  Govt., 

via  Petrograd,  Russia. 

Kibhman,  Maurice  W 101  Masonic  Ave.,  Cripple  Creek,  Colo. 

LbNoir,  Frank  H Douglas,  Alaska. 

McGee,  John United  Greenwater  Co.,  Dale  via  Amboy,  Cal. 

Mainwarino,  H.  M.C,  Mine  Mgr.,  Chillagoe,  Ltd.,  Chillagoe,  Queensland,  Australia. 

Miller,  Frank  Barton Blair,  Esmeralda  Co.,   Nev. 

Mohrman,  E.   M 1293  W.   111th  St..   Cleveland,   O. 

Moore,  Redick  R Zortman,  Mont. 

O'Brien,  P.  C.  K. .  /. Hotel  Essex,  684  Larkin  St^  San  Francisco,  Cal. 

Parrish,  S.  F Battle  Mountain,  Nev. 

Patchell,  F.  J 4516  No.  Lincoln  St.,  Chicago,  111. 

Patbrson,  a.  W 1814  11th  Ave.,  Spokane,  Wash. 

Pkrry,  Robert  S Kingscourt  Apts.,  36th  &  Chestnut  Sts.,  Phiia.,  Pa 
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Ralph,  E.  W Boston  Ely  Min.  CJo.,  Kimberly,  Nev. 

Revell,  G.  E Box  132,  Nelson,  B.  C,  Canada. 

Rbtnolds,  L Address  wanted. 

Rhodes,  W.  B Golden,  Colo. 

RoDBiQUEZ,  J.  C Apartado  87,  Saltillo,  Coah.,  Mexico. 

Rogers,  B.  C,  Care  Standard  Mine,  Detroit  Copper  Min.  Co.,  Box  427. 

Metcalf,  Ariz. 

Sales,  A.  J Giroux  Cons.  Mines  Co.,  Kimberly.  Nev. 

Sandifer,  H.  C Box  16,  Bis^  Mexico  Ci^,  Mexico. 

Smith,  A.  H Grateway,  B.  C.,  Canada. 

Sparks,  J.  T.. 326  Erie  St.,  El  Paso,  Tex. 

Stoddart,  a.' W Address  wanted. 

Sullivan,  W.  P. The  Henry  Walke  Co.,  Norfolk;  Va. 

Taylor,  A.  W Korean  Exploration  Co.,  Chiksan  Mines,  Chiksan,  Korea. 

Thomas,  Edmxtnd Weaver  Mine,  Gibson,  N.  Mex. 

ToNG,  S.  K 413  W.  116th  St.,  New  York,  N.  Y. 

Van  Ness,  W.  W Address  wanted. 

Waine WRIGHT,  W.  B 61  Grace  Church  St.,  London,  E.  C,  England. 

Wbntworth,  1.  H 246  Beldon  Ave.,  Harlandale  Addition,  San  Antonio,  Tex. 

Wraight,  E.  C 63  Wavertree  Road,  Streatham  Hill,  London,  S.  W.,  England. 

Yeandle,  W.  H.,  Jr Address  wanted. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  May  10,  1916  to  June  10,  1916. 


Date  of 
Election. 


Name.  Date  of  Decease. 


1899                        ♦*Burt,  Andrew .». 1916. 

1916                          ♦Chandler,  J.  W May     7,  1916. 

1876                            DuBois,  A.  J 1916. 

1883                            Hill,  Frank  A July  .  J3,  1915. 

1910                          ♦Parrish,  Robert  L July   23,  1916. 


*  Member.  *  *  Life  member. 

Andrew  Burt,  of  Elphinstone  Collieries,  Scotland,  was  killed  in  active  service  on  the 
European  battlefield. 
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EXECUTIVE  CX>MMITTEES  OF  LOCAL  SECTIONS 

Nw$  York 

Meets  flnt  Wadniday  After  flnt  Tuetday  of  eAoh  month. 
DAVID  H.  BROWNS,  Chairman.  PERCY  E.  BARBOUR,  Yie^kainnan 


A.  D.  BEERS,  a4erwtaru,  55  WaU  St.,  New  York,  N.  Y. 

C.  A.  BOHN,  Trtaaurtr, 

BMon 

Meets  flnt  Moadaj  of  eeeh  winter  month. 
W.  E.  C.  EU8TIS.  Ckabrman,  R.  L.  AGASSIZ,  F<M-CiUrirflMii» 

£.  B.  BUGBEE.  £l«flr«tary-TrM«iir«r,  Maae.  Inet.  of  Technology,  Boeton,  Maaa. 
ALBBBT  8AUVB0R,  H.  L.  SMYTH. 

CoiufMa 

Holds  four  aeedons  durinc  year.    Annual  meeting  In  September  or  October. 

STANLY  A.  EA3TON.  Ckainaan,  FREDERIC  KEFFBR,  Fie»-CAslr«MHi. 

LYNDON  K.  ARMSTRONQ,  Stcntary-Tttatwnr,  P.  O.  Drawer  3164,  Spokane,  Wash. 

D.  C.  LIVINGSTON,  FRANK  A.  ROSS. 

Puget  Sound 

Meete  ssoond  Saturday  at  eaeh  month. 
QtBNTILLB  A.  (TOLUNS.  C»a<rM<m.  H.  L.  MANLET,  FiM-CMhnM. 

L  r.  UDCA"°^  ^"^"^  *.r-«,MV«««r.  IMS  H«»,  Bldr.  B^UU.  W«g^^  ^  ^^ 

Souihem  California 

SBSLXY  W.  MUDD.  CftatrnMia.  C.  COLCOCK  JONES,  Fie»-C*alrsiofi. 

^_^EDERICK  J.  H.  MERRILL,  aterHaryTrtatunr,  216  Union  League  Bldg.,  Loe  Angelee,  Cal. 
RALPH  ARNOLD.  ^^  ^^  A.  B.  wThODGBS. 

A  B.  CARPENTER.  WILLIAM  F.  STAUNTON. 

Colorado 

L.  P.  HAMMOND.  Chairman.  F.  H,  BOSTWICK,  F<oe-C*alrsiofi. 

^  .   P.  M.  MoHUGH,  aeerHary^Trtamrwr,  812  Cooper  Bldg.,  DeuTer,  Colo.         _         

G.  A.  KENNEDY.  .  r-  .  *-•  M.  S.  MaoCARTHY 

Montana 

J.  L.  BRUCE,  Chairmmi.  W.  C.  SIDERFIN,  Fiee-CJbainmm. 

_  M.  H.  GIDEL,  5«cri<ary-7rea«ttrw,  1102  W.  Galena  St.,  Butte,  Mont. 

W.  T.  BURNS,  -,  IT  .  ^   ^  BRALY. 

San  PraneUeo 

-,  . Meete  aeoond  Tueeday  of  eaeh  month. 

T.  A  RICEARD,  Chairman,  W.  H.  SHOCKLEY,  Fiee-CJteiraMa. 
iC.  E.  GRUN8KY,  JR.,  8Mr«tary-7rMUttr«r,  57  Poet  St.,  San  Francisco,  Cal. 

E.  A  HERSAM.  .        .  »-  b.  Yf.  YOUNG. 

Pennsybfania  AnthraeUe 

^^  R.  V.  NORRIS,  Chairman. 

CHARLES  F.  HUBER,  Viee-Chairman.  EDWIN  LUDLOW,  VU»^hairman. 

W.  J.  RICHARDS.  F»e«*CAairman.  ARTHUR  H.  STORRS,  Vice-chairman. 

^_        PAUL  STERLING,  8«crctefy-7V8aMf«r.  Lehigh  Valley  Coal  Co.,  Wilkea-Barre,  Pa. 
DODGLAS  BUNTING,  FRANK  A.  HUZ;  ALBERT  B.  JE8SUP. 

RUFUS  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

St.  Louu 

C.J.  ADAMI.   Chairmaf^,  HERMAN  GARIilCH,    Viee-Chairman, 

F.  W.  DkWOLF,  Viee^hairman,  M.  M.  VALERIUS,  Vice-Chairman, 
.  _      WALTER  E.  McCOURT,  aecretarv-TrMntrer,  Waahlngton  UniT.,  St.  Louis,  Mo. 

A.  W.DICKINSON,  CHARLES  T.  ORR,  ARTHUR  THACHER. 

C.  R.  FORBES,  F.  D.  RASH, 

Chicago 

CHARLES  H.  MacDOWEI^L,  Chairman,  LUTHER  V.  RICE,  Viee<!hairman, 

HENRY  W.  NICIHOLS,  8eer«fafvTr0oattr«',  1645  E.  68  St.,  Chicago,  111. 
ALEXANDER  K.  HAMILTON,  HENRY  P.  HOWLAND, 

680RQB  P.  HUL8T,  FREDERICK  T.  SNYDER. 

Utah 

C.  W.  WHITLEY,  Chairman,  WALTER  FITCH.   Viee-Vhairman, 

ERNEST  GAYFORD,  aeertlanhTreatm'er,  159  Pierpont  Atc.,  Salt  Lake  City,  Utah. 
E.  E.ZAUN8KI.  WILLIAM    WRAITH. 

Arizona 

„^^.  GERALD  SHERMAN,  Chairman, 

NORMAN  CARMICHAEL,  lal  Viee-Chair.  B.  BRITTON  GOTTSBERGER,  2fuf  Viee4Jhair. 

_  ,  ARTHUR  NOTMAN,  Seeratorv-rrflonirer,  Bisbee,  Aria. 

J.  L.  CLARK.  J.  C.  GREENWA Y. 

W.  Q.  MoBRIDE.  FOREST  RUTHERFORD. 
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STANDING  COMMITTEES 


BxecuUM 

L.  D.  RICKETTS,  Chairman, 
OEORQE  D.  BARRON,  W.  L.  SAUNDERS, 

SIDNEY  J.  JENNINGS,  BENJAMIN  B.  THAYER. 

Membership 

KARL  EILERS,  Chairnum, 

ARTHUR  S.  DWIGHT.  LOUIS  D.  HUNTOON. 

LEWIS  W.  FRANCIS.  ARTHUR  L.  WALKER. 

Finance 

GEORGE  D.  BARRON,  CKairman. 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND. 

Library 

,B.  GYBBON  SPILSBURY,  Chairman.* 
KARL  EILERS,>  E.  F.  ROEBER.« 

ALEX  C.  HUMPHREYS.^  BRADLEY  STOUGHTON. 

Papers  and  Pvblicatione 

BRADLEY   STOUGHTON,   Chairman. 


■xicuTiva  coMMrrraa 


KARL  EILERS, 
LEE  O.  KELLOGG, 
JOSEPH  W.  RICHARDS, 


J.  L.  W.  BIRKINBINE, 
WILLIAM  H.  BLAUVELT, 
H.  A.  BRASSERT, 
DAVID  H.  BROWNE, 
WILLIAM  CAMPBELL, 
R.  M.  CATLIN, 
ALLAN  J.  CLARK, 


HEINRICH  O.  HOFMAN, 
WALTER  E.  HOPPER, 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
J.  B.  JOHNSON.  JR., 
WILLIAM  KELLY, 
JAMES  F.  KEMP, 


FREDERICK  G.  COTTRELL,   CHARLES  K.  LEITH, 


NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH, 
CHARLES  H.  FULTON, 
F.  LYNWOOD  GARRISON. 
ROBERT  C.  GEMMELL, 
CHARLES  W.  GOODALE, 
HARRY  A.  GUESS, 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 


ANTHONY  F.  LUCAS, 
EDWARD  P.  MATHEWSON. 
HERBERT  A.  MEQRAW, 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 
R.  M.  RAYMOND, 


E.  F.  ROEBER. 
GEORGE  C.  STONE. 
SAMUEL  A.  TAYLOR. 

ROSSITER  W.  RAYMOND, 

THOMAS  T.  READ, 

ROBERT  By  RICHARDS, 

L.  D.  RICKBTTS, 

HEINRICH  RIES, 

RENO  H.  SALES, 

ALBERT  SAUVEUR, 

HENRY  L.  SMYTH, 

A.  A.  STEVENSON, 

RALPH  H.  SWEBT8ER, 

FELIX  A.  VOGEL. 

ARTHUR  L.  WALKER, 

ROLLA  B.  WATSON, 

HORACE  V.  WINCHELL, 

FREDERICK  W.  WOOD, 

DWIGHT  E.  WOODBRIDQB. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES 

HARRY  H.  STOEK,  Chairman. 

Vic&^hairmen 

CHARLES  H.  FULTON,  FREDERICK  W.  SPERR, 

EDWIN  C.  HOLDEN,  GEORGE  J.  YOUNG, 

WALTER  R.  CRANE.  Secretary^  Pennaylyania  SUte  College,  Stftte  CoUege,  Fn. 


LUTHER  W.  BAHNEY, 
DARSIE  C.  BARD, 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER, 
GUY  H.  COX, 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE, 
FRANK  W.  DURKEE, 


HOWARD  ECKFELDT, 
DAVID  M.  FOLSOM, 
R.  R.  GOODRICH, 
CHARLES  E.  LOCKE. 

JAMES  F.  McClelland, 

HARRY  B.  MELLER, 
WALTER  S.  MORLEY, 
HENRY  S.  MUNROE, 


CHARLES  J.  NORWOOD, 
GEORGE  S.  RAYMER, 
HEINRICH  RIES, 
HENRY  L.  SMYTH, 
FRANCIS  A.  THOMSON. 
F.  W.  TRAPHAGBN, 
CLINTON  M.  YOUNG. 


1  UntU  Feb.,  1017.        >  UntU  Feb.,  1018.        •  Until  Feb.,  1019.        «  UntU  Feb.,  1920. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ,  Ckairma$i, 
PHILIP  W.  HBNRT.  Fim  ViM-Ckalrman, 


Viee-<Jhaiinnen 


LYNDON  E.  ARMSTRONG, 
P.  G.  COTTRELL. 
CHARLES  A.  BUCK, 
EDWARD  L.  DUFOURCQ. 
H.  W.  HARDINQE. 
H.  L.  HOLLIS, 


HENRY  W.  NICHOLS, 
ERSKINE  RAMSAY, 
CHARLES  F.  RAND, 
GILBERT  RIGG, 
WALTER  G.  SWART, 
RICHARD  P.  TINSLEY. 


DUNCAN  MACVICHIE. 

WILLIAM  H.  SHEARMAN,  a4erttanf,  50  WaU  St..  New  York,  N.  Y. 


HUNTINGTON  ADAMS, 
F.  L.  ANTI8ELL, 
FRANKUN  BACHE, 
SDWIN  G.  BANKS. 
LOUIS  V.  BENDER, 

C.  H.  BENEDICT 
JAMES  Q.  BERRYHILL, 
ALBERT  C.  BOYLE,  JR., 

D.  H.  BRADLEY.  JR., 
VICTOR  M.  BRASCHI, 
FBEDBRIC  K.  BRUNTON, 
LESTER  R.  BUDROW, 
MILTON  A.  CAINE, 
EDWIN  E.  CARPENTER, 
CHARLES  CATLETT, 
WILUAM  B.  CRAMER, 
NOAH  F.  DRAKE. 

J.  A  8DB, 

LOUIS  V.  EMANUEL, 
AUGUSTUS  H.  EUSTIS, 
WALTER  FITCH. 
WILUAM  E.  FOHL. 

E.  QAYFORD, 
H  H.  QIDEL, 
STEPHEN  L.  GOODALE, 
CABL  E  GRUNSKY,  JR.. 


GEORGE  A.  GUESS. 
BENJAMIN  M.  HALL. 
RICHARD  S.  HASELTINE. 
FRANK  R.  HEWITT, 
EDWIN  HIGOINS, 
JOSEPH  T.  HILLES. 
JOHN  HOATSON. 
ROY  J.  HOLDEN. 
TADASHIRO  INOUYE. 
YING-CHIEH  KUANG. 
K.  C.  LI. 
I.  P.  UHME. 
JOHN  J.  LINCOLN. 
DOUGLAS  C.  LIVINGSTON, 
SPENCER  R.  LOGAN. 
F.  E.  LUCAS. 
WALTER  E.  MoCOURT, 
P.  M.  McHUGH. 
FREDERICK  J.  H.  MERRILL. 
ARTHUR  NOTMAN, 
HENRY  M.  PARKS. 
IRVING  PERRINE 
OLUF  G.  PETERSEN. 
F.  E.  PIERCE. 
FRANK  Da  G.  RATHBUN, 


AMBROSE  E.  RING. 
WILLIAM  W.  ROSE. 
HAZEL  L.  SCAIFE, 
WILLIAM  J.  SHARWOOD. 
S.  F.  SHAW. 
JO  E.  SHERIDAN, 
ARTHUR  P.  SILUMAN. 
AMOS  SLATER, 
SUMNER  S.  SMITH, 
JOHN  G.  SMYTH, 
RICHARD  B.  STANFORD, 
PAUL  STERLING, 
LEWIS  STOCKETT. 
ARTHUR  F.  TAGGART. 
CHARLES  H.  TAYLOR, 
BENJAMIN  F.  TILLSON. 
ARTHUR  L,  TUTTLE, 
R.  C.  WARRINER, 
WALTER  HARVEY  WEED, 
HENRY  A.  WENTWORTH. 
WILLIAM  Y.  WESTERVELT 
HERBERT  A.  WHEELER, 
EDWIN  E.  WHITE. 
C.  W.  WHITLEY. 
R.  B.  WOODWORTH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 

HENNEN  JENNINGS. 


ARTHUR  F.  L.  BELL, 
ALBERT.  R.  LEDOUX,  E.  W.  PARKER, 

EketrieUy  in  Mining  Mine  ExpUmtme 

WILLIAM  KELLY.  H.  M.  CHANCE. 

THOMAS  H.  LEGGETT,  FRANK  HAAS. 

SAMUEL  A.  TAYLOR.  CARL  SCHOLZ. 


L.  D.  RICKETTS. 

Min$8vhMmo$ 

JAMES  F.  KEMP, 
R.  V.  NORRI8. 
CHARLES  K.  LEITH. 


CX)MMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OP  STANDARDS 


CtpiMr:  F.  L.  ANTISELL. 
Ltad:  ARTHUR  8.  DWIOHT. 
NiekA:  JOHN  F.  THOMPSON. 


Aluminum:  JOSEPH  W.  RICHARDS, 
Zinc:  GEORGE  C.  STONE. 


COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

HENRY  8.  DRINKER,    ARTHUR  S.  DWIGHT,     D.  M.  RIORDAN.     WARREN  A.  WILBUR 

COMMITTEE  ON  ARRANGEMENTS,  ARIZONA  (113TH)  MEETING,  1916 

GERALD  F.  G.  SHERMAN.  Chairman,  ARTHUR  NOTMAN,  Secretary, 


NORMAN  CARMICHAEL. 
W.  L.  CLARK, 


W.  G.  McBRIDE, 

B.  BRITTON  G0TT8BERGER, 


J.  C.  GREENWAY, 
FOREST  RUTHERFORD, 


COMMITTEE  ON  TRANSPORTATION,  ARIZONA  (113TH)  MEETING,  1916 


WALTER  DOUGLAS.  Chairman, 

ARTHUR  8.  DWIGHT,  JOHN  C.  GREENWAY. 


CLEVELAND  E.  DODGE.  Secrelary^ 
JULIUS  KRUTTSCHUITT,  JR. 


NOMINATING  COMMITTEE 

SEELEY  W.  MUDD.  Chairman. 

DAVID  H.  BROWNE,  H.  O.  HOFMAN. 

JAMES  GAYLEY.  FREDERICK  LAIST. 

JOHN  C.  GREENWAY  R.  V.  NORRIS. 
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INSTITUTE  REPRESENTATIVES 
UnUed  Bnffineering  Society  TnuUe$ 

CHARLES  F.  RAND,>  W.  L.  8AUNDEIU3.I  BENJAMIN  B.  THAYER.* 

Engineering  Foundation 

R.  M.  RAYMOND,  BENJAMIN  B.  THAYER. 

Library  Board,  United  Engineering  Society 

KARL  EILER8,>  E.  F.  ROEBER,« 

ALEX  C.  HUMPHREYS,!  E.  GYBBON  SPILSBURY,« 

BRADLEY  STOUGHTON. 

John  Fritz  Medai  Board  of  Award 

0.  R.  C0RNING,4  ALBERT  SAUVEUR,' 

CHARLES  F.  RAND.t  E.  GYBBON  SPILSBURY.* 

Oeneral  Conference  Committee  of  Engineering  Societiee 

J.  PARKE  CHANNING,       BENJAMIN  B.  LAWRENCE.       BRADLEY  STOUGHTON 

American  ABeociation  for  the  Advancement  of  Science 

WALDEMAR  LINDGREN,  JOSEPH  B.  TYRRELL. 

Adoieory  Board  of  the  National  Coneervation  Congreee 

HENRY  8.  DRINKER. 

Committee  on  Standardization  of  Graphical  Methods 

JUDD  STEWART. 

Committee  on  National  Beeerve  Corpe  of  Engineera 

HENRY  8.  DRINKER. 

Committee  on  Mining  Law  Revision 

JAMES  R.  FINLAY,  HENNEN  JENNINGS. 

D.  C.  JACKLING,  C.  F.  KELLEY, 

EDMUND  B.  KIRBY. 

Naval  ConeuUing  Board 

WILLIAM  L.  SAUNDERS,  BENJAMIN  B.  THAYER. 

Committee  on  Engineering  Education 

JOHN  HAYS  HAMMOND.  HENRY  MARION  HOWE.    . 

Committee  on  Adoption  of  Metric  System 

GEORGE  F.  KUNZ,  JOSEPH  W.  RICHARDS. 

Committee  on  Classification  of  Technical  Literature 

WILLIAM  P.  CUTTER. 

/.  A,  Holmes  Safety  First  Association 

HENNEN  JENNINGS. 

Pan-American  Engineering  Committee 

WALTER  H.  ALDRIDGE,  W.  H.  LEONARD, 

FREDERICK  K.  COPELAND,  P.  N.  MOORE, 

JOSEPH  W.  RICHARDS. 

Committee  on  Military  Engineering  Lectures 

J.  PARKE  CHANNING.  CHARLES  F.  RAND,  BRADLEY  STOUGHTON. 

ALEX  C.  HUMPHREYS,         WILLIAM  L  SAUNDERS,       WILLIAM  H.  WILEY. 


!  Until  Feb.,  1017.        >  UntU  Feb.,  1018.        t  Until  Feb.,  1010.        •  Until  Feb.,  1020. 


Amebican  Inbtitxttb  of  Mining  Enginbbrb 
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TECHNICAL  COMMITTEES 
Iron  and  Steel 

JOSEPH  W.  RICHARDS.  CJUrfruMm. 

J.  E.  JOHNSON.  Jb..  Vie^-ClMtrman, 

ARTHUR  S.  CALLEN,  S^erttary,  408  Ckastnnt  St..  So.  B«thleheiB,  Pa. 

SuB-Coioomas 

IRON  OBB 

DWIGHT  E.  WOODBRIDQB.  Chairman, 
EBNE8T  F.  BURCHARD.  WILLIAM  KELLY,  CHARLES  F.  RAND. 

FELIX  A.  VOOSL. 

BLAST  FUBNACBB 

H.  A.  BRAS8ERT,  Ckoirman, 
AMBROSE  N.  DIEHL. 
RICHARD  V.  MoKAT. 

8TBEL  WORKS 
HENRT  D.  HIBBARD,  Chairman, 


WnUAM  H.  BLAUVELT. 


JAMES  GAYLET. 


OUILLIAEM  AERT8EN, 
rRANK  D.  CARNEY. 


ROBERT  W.  HUNT, 


C.  F.  W.  RYS, 

A.  A.  STEVENSON. 


J.  S.  UNGER, 
WILLIAM  R.  WALKER. 


MBCHANIGAL  TaBATMBNT 
CHARLES  A.  BUCK,  Chairman. 


GEORGE  MESTA, 


FREDERICK  W.  WOOD. 


JOHN  H.  HALL, 


FOUNDBT 
RICHARD  MOLDENKE,  Chairman. 

ENRIQUE  TOUCEDA. 

CHBMI8TRT,   PHTBIC8,   AND  MSTALLOGRAPHT 
ALBERT  SAUVEUR,  Chairman. 
HERBERT  M.  B0YL8T0N.       HENRY  M.  HOWE,  E.  GYBBON  SPILSBURY, 

WnXUM  CAMPBELL,  JOHN  A.  MATHEWS,  LEONARD  WALDO, 

WHXIAM  R.  WEBSTER. 

Pe^oleum  and  Qae 

ARTHUR  F.  L.  BELL,  Chairman. 
WnXIAM  N.  BEST,  Vio^Chairman.  DAVID  T.  DAY,  Vie»'Chairman. 

WILLIAM  B.  PHILUPS,  rie^Chairman.  MARK  L.  REQUA,  Yic^-Chairman. 

LEONARD  WALDO.  Seerttary,  49  WaU  St.,  New  York,  N.  Y. 


RALPH  ARNOLD. 
FREDERICK  G.  CLAPP, 
EUGENE  COSTE, 
EDWIN  T.  DUMBLE, 
JOHN  R.  EDWARDS, 


PHILIP  W.  HENRY, 
HANS  VON  HOEFER, 
ISAAC  N.  ENAPP, 
ANTHONY  F.  LUCAS. 
EZEQUIEL  ORDONEZ, 


FRANCIS  C.  PHILLIPS, 
WALTER  O.  SNELLING, 
CHESTER  W.  WASHBURNE, 
WILLIAM  L.  WATTS, 
HERBERT  A.  WHEELER, 
WILLIAM  A.  WILLIAMS. 


Coal  and  Coke 

SAMUEL  A.  TAYLOR,  Chairman. 
EDWIN  LUDLOW,  Vict^hairman.  W.  J.  RICHARDS.  Vict-Chairman. 

FREDERICK  W.  C.  WHYTE,  Vice-chairman. 
WILLIAM  E.  FOHL.  Seerttary,  Farmen'  Bank  Bids.,  Pittsburgh,  Pa. 


8.  B.  BELDBN, 
WHXIAM  H.  BLAUVELT, 
H.  M.  CHANCE, 
THOMAS  H.  CLAGETT, 
EU  T.  CONNER, 
JAMBS  8.  CUNNINGHAM. 
FRANK  W.  D»WOLF. 
E.  V.  D'lNVnJJERS, 
W.  W.  DUFFIELD, 
HOWARD  N.  EAVENSON. 
CHARLES  ENZIAN, 
WILLUM  A.  FORBES, 
WILUAM  H.  GRADY. 
FRANK  HAAS, 


R.  DAWSON  HALL, 
FRANK  A.  HILL, 
FRANK  ALBERT  HILL, 
CHARLES  F.  HUBER, 
JAMES  ELLWOOD  JONES, 
CHARLES  E.  KREBS, 
GEORGE  J.  KREBS. 
A.  C.  LEIBENRING. 
SPENCER  R.  LOGAN, 
EUGENE  MoAULIFFE, 


R.  V.  NORRIS, 
CHARLES  J.  NORWOOD. 
THOMAS  H.  O'BRIEN. 
FRANK  A.  RAY. 
GEORGE  S.  RICE. 
JOHN  J.  RUTLEDGE. 
CARL  SCHOLZ, 
JOHN  ROY  SHARP, 
T.  W.  8PRAGUE, 
ARTHUR  H.  ST0RR8. 


CHARLES  T.  MALCOLMSON,  ISRAEL  C.  WHITE, 
FRANK  A.  MANLEY,  WILLLAM  G.  WILKIN8, 

JOHN  P.  K.  MILLER,  LEWIS  L.  WILLARD. 
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and  Bom  MdaU 

CHARLES  W.  QOODALE.  CJUitriiMm. 

ARTHUR  L.  WALKER.  Vitf^CJUiinnAA.  ROBERT  C.  GEMMELL.  Fiea-CAatrtnan. 

DAR8IE  C.  BARD,  Stcrtlanf,  Montanft  State  School  of  Mines,  Butte,  Mont. 

SUB-COIOOTTBBS 


COPPER 
EDWARD  P.  MATHEWSON,  Chairman. 


LAWRENCE  ADDICK8. 
W.  LAWRENCE  AUSTIN, 
JOHN  C.  QREENWAY, 
LAFAYETTE  HANCHETT. 
L.  OGILVIE  HOWARD, 


FREDERICK  LAIST, 
C.  B.  LAKENAN. 
GEORGE  W.  METCALFE, 
L.  D.  RICEETT8, 
FOREST  RUTHERFORD, 


GEORGE  D.  VAN  ARSDALE, 
ARTHUR  L.  WALKER, 
ARCHER  E.  WHEELER, 
ALBERT  E.  WIGGIN. 


F.  L.  BOSQUI, 
PHILIP  R.  BRADLEY, 
CHARLES  BUTTERS, 
ROBERT  C.  CANBY, 
ALLAN  J.  CLARK, 


C.  J.  ADAMI, 
LEONARD  S.  AUSTIN, 
WILLIAM  BRADEN, 
ARTHUR  S.  DWIGHT, 
KARL  BILERS. 


S.  E.  BRETHERTON, 
GELASIO  CAETANI, 


GOLD  AMD  SILYBB 
F.  LYNWOOD  GARRISON,  Chairman, 

QEORQE  H.  CLEVENOER,        WILLET  Q.  MILLER, 
HARRY  S.  DENNY, 
JOHN  V.  N.  DORR, 
JAMES  W.  MALC0LM80N, 
CHARLES  W.  MERRILL, 


CHARLES  H.  MUNRO. 
R.  M.  RAYMOND, 
WHITMAN  SYMMES, 


LEAD 

HEINRICH  O.  HOFMAN, 

HERMAN  GARLICHS. 
ERNEST  A.  HER8AM, 
G.  P.  HULST. 
SIDNEY  J.  JENNINGS. 
FRANK  M.  SMITH, 

ZINC 

GEORGE  C.  STONE,  Chairman, 

C.  A.  H.  DnSAULLES. 
W.  McA.  JOHNSON, 
FREDERICK  LAIST. 


Chairman. 

WILLIAM  A.  SMITH. 
FREDERIC  R.  WEEKE8, 
RUSH  J.  WHITE. 
C.  W.  WHITLEY. 
WILLIAM  WRAITH. 


DORSEY  A.  LYON, 
OTTO  RIS8MAN. 
C.  E.  SIEBENTHAL. 


DAVID  H.  BROWNE. 
SIEGFRIED  FISCHER, 
FRANK  L.  HESS, 


MARK  N.  ALLING, 
SIDNEY  H.  BALL, 
PIERRE  BOUERY, 
C.  C.  BRAYTON. 
NEWTON  CLEAVELAND, 
ROBERT  E.  CRANSTON. 


mSCBLLANEOnS  METALS 

CHARLES  H.  FULTON,  Chairman, 

ZAY  JEFFRIES.  WALTER  M.  STEIN. 

ROBERT  M.  raiENEY.  JOSEPH  STRUTHERS. 

GEORGE  A.  PACKARD,  WILLIS  R.  WHITNEY. 


PLACER  DBPOBITS 
CHARLES  JANIN,  Chairman. 

F.  LYNWOOD  GARRISON. 
J.  J.  HAMLYN. 
W.  P.  HAMMON. 
ROSS  B.  HOFFMANN, 
HENNEN  JENNINGS. 
E.  B.  KIMBALL, 


CHESTER  F.  LEE, 
H.  L.  MEAD. 
F.  L.  MORRIS. 
C.  H.  MUNRO, 
WILLIAM  a  N0YE8, 
HENRY  C.  PERKINS. 
O.  B.  PERRY. 


Non'MeUtUie  MinerdU 

HEINRICH  RIES,  Chairman. 

CHARLES  P.  BERKEY,  Vict^hairman,         GEORGE  F.  KUNZ,  Vies-Chairman. 

•  EDWARD  W.  PARKER,  Vioo-Chairman. 

WILLIAM  C.  PHALEN,  84er€Uary,  U.  8.  Geolocioal  Survey.  Waabington,  D.  C. 

SAMUEL  W.  BEYER,  F.  R.  HEWITT.  WILLET  G.  MILLER. 

H.  A.  BUEHLER,  F.  C.  HOOPBIL  WILUAM  B.  PHILLIPS, 

JOHN  A.  DRESSER.  C.  COLCOCK  JONES.  JOSEPH  HYDE  PRATT. 

R.  D.  GEORGE,  C.J3i.  MEMMINGER^  KENNETH  BEAVER, 


FRANK  L.  ^88. 


BENJAMIN  L.  MILLER, 

Mining  Oeoiogy 

Chairman. 


THOMAS  L.  WATSON. 


L.  C.  GRATON. 

RALPH  ARNOLD. 
JOHN  M.  BOUTWELL, 
H.  A.  BUEHLER, 
MARIU8  R.  CAMPBELL, 
C.  R.  CORNING, 
M.  J.  EL8ING. 
WILLIAM  H.  EMMONS. 
F.  LYNWOOD  GARRISON. 


JOHN  W.  FINCH.  Vic^'Chairman.  ' 

Seerttarvj  Harrard  Geologioal  Mueeum,  Cambridce,  Maea. 

IRA  B.  JORALEMON.  R.  A.  F.  PENROSE.  Jh.. 

JAMES  F.   KEMP.  WILLIAM  B.  PHILLipS. 

HENRY  LANDES.  JOSEPH  HYDE  PRATT. 

ALFRED  C.  LANE.  HEINRICH  RIES. 

CHARLES  K.  LEITH.  RENO  H.  SALES. 

R.  V.  NORRIS.  WILLIAM  G.  SHARP. 

ARTHUR  NOTMAN.  HENRY  L.  SMYTH. 

BZEQUIEL  ORDONEZ,  JOSIAH  B.  8PURR. 

M.  E.  WADSWORTH. 


Amebican  Institutb  of  Mining  Enqineebs 


BENJAMIN 
TRUMAN  H.  ALDRICH.  Jb., 
HANS  C.  BEHR, 
R.  B.  BRINSMADE. 
DOUGLAS  BUNTING, 
LOUIS  a  GATES,  , 

CHARLES  CATLETT. 
FRED  W.  DENTON, 
STANLEY  A.  EASTON, 
JAMES  R.  FINLAY, 
R.  C.  GEMBiELL, 


Mining  Methodt 

ROBERT  M.  CATLIN,  CJurirman, 

F.  TILL80N,  SMTilary,  FrftnUin  FuniMe,  N.  J. 


JOHN  GILLIE. 
WILLIAM  L.  HONNOLD, 
JAMES  B.  JOPLING. 
ROBERT  A.  EINZIE, 
HENRY  KRUMB. 
WILLIAM  H.  LEONARD, 
HENRY  LOUIS, 
JAMES  F.  MoCLELLAND, 
8EELEY  W.  MUDD, 
JAMES  B.  RISQUE, 


MILNOR  ROBERTS, 
OSCAR  ROHN, 
GERALD  SHERMAN, 
HENRY  L.  SMYTH, 
BENJAMIN  W.  VAIXAT, 
RUEL  C.  WARRINER, 
SAMUEL  D.  WARRINER, 
GEORGE  WEIR, 
DWIGHT  E.  WOODBRIDGE. 


MiUing  MMod* 


ROBERT  H.  RICHARDS,  Chairman. 
CHARLES  E.  LOCKE,  Seorilary.  M 
EARL  S.  BARDWELL, 
H.  K.  BURCH, 
CHARLES  BUTTERS, 
QELASIO  CAETANI. 
WILLIAM  A.  CALDECOTT, 
JOHN  M.  CALLOW, 
CHARLES  A.  CHASE, 
DAVID  COLE, 
JOHN  V.  N.  DORR, 
ARTHUR  8.  DWIGHT, 


AS*  K< 

Institute  of 
RUDOLPH  GAHL, 
H.  A.  GUESS, 
H.  C.  HOOVER, 
FREDERICK  LAIST, 
C.  B.  LAKENAN, 
W.  P.  LASS. 

CHARLES  W.  MERRILL, 
HENRY  S.  MUNROE, 
E.  H.  NUTTER. 
C.  Q.  PAYNE, 


,  RODGERS,  ViM-Chatrman, 
Teehnologjr,  Boston,  Maw. 
JOHN  B.  PORTER, 
LEWIS  G.  ROWAND, 
E.  A.  C.  SMITH, 
T.  B.  STEARNS, 
WALTER  G.  SWART, 
ARTHUR  THACHER, 
BULKELEY  WELLS, 
ALBERT  E.  WIGGIN, 
GEORGE  H.  WYMAN,  Jb. 


Mining  Law 

CORNELIUS  F.  KELLEY,  Chairman. 
JOHN  W.  FINCH,    Vi4»-Chairman.  CURTIS  H.  LINDLEY,  Vies-Chairman. 


ALBERT  BURCH, 

J.  MURRAY  CLARK. 

WILL  L.  CLARK, 

C.  LORIMER  COLBURN, 

COURTENAY  DbKALB, 

CHARLES  W.  GOODALE. 


Swrttary, 
FREDERICK  T.  GREENE, 
EDWIN  O.  HOLTER, 
EDMUND  B.  KIRBY, 
MARK  L.  REQUA, 
GEORGE  W.  RITER, 


WILLIAM  SCALLON, 
CHARLES  H.  SHAMEL, 
FRANK  L.  SIZER, 
JOEL  F.  VAILE, 
WALTER  H.  WILEY, 
HORACE  V.  WINCHELL. 


FRANCIS  O.  BLACKWELL, 
OZNI  P.  HOOD, 
JOHN  LANGTON, 


The  Use  of  EledricUy  in  Minee 


WILLIAM  KELLY,  Chairman. 
THOMAS  H.  LEGGETT. 
CHARLES  LEGRAND. 
FREDERICK  W.  O'NEIL, 


STEPHEN  H.  PITKIN, 
DAVID  B.  RUSHMORE, 
HARRY  M.  WARREN, 
GEORGE  R.  WOOD. 


Safety  and  Sanitation 

HOWARD  N.  EAVENSON,  Chairman.  JOHN.  G.  SMYTH.  Vice-Chairman. 

E.  MALTBY  SHiPP,  Stcretary,  2  Rootor  St.,  New  York,  N.  Y. 


NEWELL  G.  ALFORD. 
GEORGE  D.  BARRON, 
WILLIAM  L.  BELL, 
JAMES  L.  URUCE, 
CHARLES  F.  CHANDLER, 
WILLIAM  L.  CLARK, 
GEORGE  G.  CRAWFORD. 
R.  W.  DEACON, 
WALTER  DOUGLAS, 


THEODORE  DWIGHT, 
CHARLES  T.  FAIRBAIRN, 
CHARLES  W.  GOODALE, 
SIDNEY  J.  JENNINGS, 
ROBERT  A.  KINZIE, 
CORNELIUS  B.  LAKENAN, 
JOHN  LANGTON, 
JOHN  LLOYD, 
SOLOMON  LbFEVRE. 


WILLIAM  W.  MEIN, 
C.  P.  NEILL, 
JAMES  B.  RISQUE, 
FRANCIS  P.  SINN, 
W.  D.  THORNTON, 
W.  R.  WALKER, 
C.  W.  WHITLEY, 
HENRY  A.  J.  WILKEN8, 
ARTHUR  WILLIAMS. 
DWIGHT  E.  WOODBRIDGE 
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OFFICBRS  AND  DIRECTORS 
For  the  year  ending^  February,  1917 

Pbesidbnt 
L.  D.  RICKETTS,* New  York,  N.  Y. 

Past  Prbsibents 

BENJAMIN  B.  THAYER,^ New  York,  N.  Y. 

WILLIAM  L.  SAUNDERS,* New  York,  N.  Y* 

First  Vice-President 
SIDNEY  J.  JENNINGS," New  York,  N.  Y. 

Treasurer 
GEORGE  C.  STONE," * New  York,  N.  Y. 

Secretary  Emeritus 
ROSSITER  W.  RAYMOND, New  York,  N.  Y. 

Secretary 
BRADLEY  STOUGHTON, New  York,  N.  Y. 

Vice-Presidents 

H.  0.  HOOVER," District  6 San  Francisco,  Cai*. 

.  District  2 South  Bethlehem,  Pa. 

.  District  0 New  York,  N.  Y. 

.  District  3 St.  Louis,  Mo. 

.  District  0 New  York,  N.  Y. 

.  District  4 Calumet,  Mich. 

Directors 


JOSEPH  W.  RICHARDS," 
SIDNEY  J.  JENNINGS,* 
PHILIP  N.  MOORE,*  .    . 
KARL  EILERS,'    .... 
JAMES  MacNAUGHT0N,« 


REGINALD  W.  BROCK,"  ....  District  11 Toronto,  Canada. 

D.  C.  JACKLING," District? Salt  Lake  City,  Utah. 

ALBERT  R.  LEDOUX," District  0 New  York,  N.  Y. 

CHARLES  W.  MERRILL,"    .    .    .  District  6 San  Francisco,  Cai* 

HENRY  L.  SMYTH," District  1 Cambridge,  Mass. 

WALTER  H.  ALDRIDGE,*    .    .    .  District  6 New  York,  N.  Y. 

ROBERT  W.  HUNT,* District  3 Chicago,   III. 

HENNEN  JENNINGS,* District  9 Washington,    D.    C. 

GEORGE  C.  STONE,* District  0 New  York,  N.  Y. 

SAMUEL  A.  TAYLOR,* District  2 PrprsBUROH,  Pa. 

GEORGE  D.  BARRON,* District  0 New  York,  N.  Y. 

CHARLES  W.  GOODALE,*    .    .    .  Districts Butte,  Mont. 

EDWIN  LUDLOW,* District  2 Lansfobd^  Pa. 

CHARLES  F.  RAND,* District  0 New  York,  N.  Y. 

THOMAS  B.  STEARNS,*   ....  District  7 Denver,  Colo. 


"  Until  Feb.,  1917.        *  Until  Feb.,  1918.        » Until  Feb.,  1919. 


p .  ■  -* 


f  ' 


)4 :»  ^  ^txsu  f^- 
TaANBACnONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[btjbjbct  to  beyibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preMnted  in  peraon  at  the 
Ariioiia  meetinf ,  September,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diteuflsion  m  writtnt  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
89th  Strset.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UdIsbi  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Nor.  1, 1916.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Stoping  in  the  Caltunet  and  Arizona  Mines,  Bisbee,  Ariz. 

BT  PHILIP  D.  WILSON,*  B.   S.,   E.  M.,  WARBEN,   ARIZ. 
(Arisona  Meeting,  September,  1916) 

The  mines  of  the  Calumet  &  Arizona  Mining  Co.  are  situated  in  the 
Warren  Mining  District,  Cochise  County,  Arizona,  between  Bisbee 
and  Warren  and  adjoin  those  of  the  Copper  Queen  Consolidated  Mining 
Co.  and  the  Shattuck  Arizona  Copper  Co.  Paleozoic  limestones  of  con- 
siderable thickness  have  been  intruded  by  granite  porphyry.  A  great 
stock  of  the  intrusive  outcrops  boldly  near  the  city  of  Bisbee  and  is  known 
as  Sacramento  Hill.  From  this  central  core  the  porphyry  has  tongued 
out  into  the  limestone  for  many  thousands  of  feet  as  dikes  and  sills  of 
irregular  shape  and  variable  dimensions.  Churn  drilling  has  recently 
developed  a  large  tonnage  of  secondarily  enriched  copper  ore  in  the  main 
porphyry  mass  of  Sacramento  Hill.  While  some  ore  has  been  found  in 
porphyry  in  other  parts  of  the  district  it  is  relatively  unimportant  com- 
pared with  that  which  occurs  in  the  Paleozoic  limestone  as  irregular 
lenses  replacing  favorable  beds  near  porphyry  contacts  or  associated 
with  well-marked  fracture  zones  often  many  hundreds  of  feet  away  from 
the  intrusive. 

In  a  zone  extending  from  Sacramento  Hill  for  a  distance  of  from  1,500 
to  3,000  ft.  the  limestone  has  been  extensively  metamorphosed  and  in  this 
contact  metamorphic  zone  the  ore  occurs  through  a  known  vertical 
thickness  of  upward  of  900  ft.  and  individual  orebodies  often  show  exten- 
sion in  a  vertical  direction  of  over  200  ft.  At  a  greater  distance  from  the 
intrusive  stock  the  ore  occurs  as  lenses  of  greater  horizontal  than  vertical 
dimensions  with  an  average  thickness  of  approximately  30  ft.  An  excep- 
tion to  this  rule  is  found  in  the  occasional  steeply  dipping  mineralized 
fractures,  almost  true  tabular  veins,  which  are  found  long  distances 
away  from  the  zone  of  contact  metamorphism. 

The  copper  was  probably  introduced  during  or  slightly  later  than  the 
porphyry  intrusion  in  the  form  of  chalcopyrite  and  bornite.  These  pri- 
mary copper  minerals  are  always  associated  with  pyrite  and  often  occur 
as  rich  lenses  in  a  huge  mass  or  shell  of  pyrite  carrying  an  insignificant 
percentage  of  copper.    In  many  instances  the  copper-bearing  solutions 

'^Aflsiatant  Geologist,  Calumet  k  Arizona  Mining  Co. 
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were  preceded  by  siliceous  solutions  and  these  latter,  often  persisting 
during  the  period  of  mineralization,  have  thoroughly  indurated  the  ore- 
body  and  the  surrounding  country  rock.  Oxidation  took  place  during 
two  distinct  periods  separated  by  a  period  of  submergence  in  the  Cre- 
taceous sea  and  subsequent  elevation,  distortion  and  tilting  of  the  sedi- 
ments. This  has  resulted  in  a  most  irregular  zone  of  oxidation.  In  some 
cases  enriched  chalcocite  ore  and  even  thoroughly  oxidized  ore  are  found 
stratigraphically  far  below  primary  orebodies.  Where  oxidation  has  been 
complete  the  carbonates  and  oxides  of  copper  occur  beneath  or  entirely 
surrounded  by  a  mass  of  oxides  of  iron  and  aluminum,  often  of  great 
extent.  While  there  has  been  considerable  enrichment  with  development 
of  chalcocite  in  the  district,  opinion,  in  view  of  recent  developments  of  the 
primary  ores,  is  tending  toward  the  conclusion  that  migration  of  values 
has  been  for  the  most  part  local  and  that  both  the  oxidized  and  the 
chalcocite  ores  depend  for  their  present  copper  content  rather  on  rich  pri- 
mary sulphides  than  on  any  extensive  leaching  and  subsequent  enrichment 
of  low-grade  material.  The  large  masses  of  iron  and  aluminum  oxides 
found  in  connection  with  the  oxidized  ores  are  then  the  oxidation  prod- 
ucts of  the  shells  of  lean  pyrite  and  pyritic  limestone  which  surround  the 
primary  copper  sulphides  rather  than  gossans  from  which  appreciable 
copper  has  been  leached. 

Conditions  Determining  Stoping  Methods 

The  great  variety  of  ore  occurrences  in  the  district  and  the  equally 
variable  character  of  the  country  rock  in  the  vicinity  of  the  orebodies 
render  any  uniformity  of  stoping  method  impossible  where  the  factors  of 
economy  and  efficiency  are  considered.  In  the  early  days  of  Bisbee  all 
of  the  ore  mined  was  taken  from  the  irregular  high-grade  oxidized  bodies 
found  within  a  comparatively  short  distance  of  the  surface.  Square-set 
stoping  with  subsequent  filling  was  used  with  much  success  and  even 
today  this  time-tried  method  of  Philip  Deidesheimer  is  recognized  as  the 
system  most  widely  applicable  to  the  Bisbee  ores.  It  was  not  until  com- 
paratively recent  years  that  the  natural  reluctance  to  try  new  methods 
while  the  old  could  still  be  used  was  overcome,  in  the  Calumet  and  Arizona 
mines  under  the  superintendence  of  W.  B.  Gohring,  with  resultant  reduc- 
tion of  costs  in  some  cases  to  less  than  one-half  of  those  formerly  obtained. 

The  considerations  determining  the  stoping  method  to  be  used  may 
be  summarized  as  follows: 

1.  Safety  and  efficiency  of  working  conditions  for  the  men. 
(a)  Physical  characteristics  of  ore  and  country  rock. 
(6)  Ventilation. 

2.  Maximum  ultimate  profit, 
(a)  Cost  of  mining. 
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(6)  Ore  which  may  be  economically  sacrificed. 

(c)  Relative  economy  of  mining  and  of  sorting  out  included  waste. 

(d)  Rapidity  with  which  it  is  advisable  to  mine,  or  daily  tonnage 
required. 

3.  Shape  and  dimensions  of  orebody. 

4.  Safety  of  mine. 
(a)  Cost  of  timber. 

(6)  Availability  of  filling, 
(c)   Fire  risk. 

Square-set  Stoping 

The  square-set  system  is  easily  the  most  flexible  and  where  the  orebody 
is  very  irregular  and  has  large  included  blocks  of  waste  it  is  the  most 
satisfactory.  It  is  a  simple  matter  to  leave  the  waste  behind  as  a  portion 
of  the  filling,  and  where  the  mining  of  too  large  a  section  at  once  is  not 
attempted  and  filling  is  kept  within  a  reasonable  distance  of  the  back  it  is 
as  safe  or  safer  than  any  of  the  other  methods  in  vogue.  By  this  method 
the  cost*  of  stoping  per  ton  including  labor,  powder,  timber,  carbide  and 
air,  ranges  from  $0.80  in  sulphide  ore  to  $1  or  even  $1.30  in  oxide  ore. 
Where  the  ground  is  very  heavy,  additional  timber  as  bulkheads  and 
double-up  sets  increases  the  cost  materially  and  in  sulphide  ore  the 
forest  of  timber  makes  the  risk  of  fire  an  important  consideration.  In  a 
normal  square-set  stope  the  item  of  timber,  which  laid  down  at  the  mine 
costs  about  $17.50  per  thousand,  amounts  to  25  per  cent,  of  the  total. 

Recovering  Square-set  Stope  Timbers 

The  first  attempt  to  reduce  this  expense  was  made  some  years  ago 
by  M.  W.  Mitchell,  foreman  of  one  division  of  the  Calumet  and  Arizona 
mines,  who  devised  a  method  for  "robbing''  a  considerable  portion  of  the 
timber  from  a  square-set  stope  during  the  process  of  filUng.  Approxi- 
mately 50  per  cent,  of  the  timber  can  be  recovered  where  conditions  will 
permit  of  this  robbing  process,  and  the  actual  stoping  cost  based  on  a  se- 
ries of  stopes  over  a  considerable  period  in  which  the  timber  has  been 
recovered  and  used  again  is  reduced  by  about  8  per  cent.  While  appUc- 
able  to  a  large  majority  of  square-set  stopes,  in  many  instances  the  ground 
is  too  heavy  to  risk  removing  the  timbers  and  in  some  cases  the  timber  is 
so  badly  damaged  that  it  is  not  worth  extracting.  The  method  finds  its 
greatest  economy  where  an  orebody  is  being  mined  in  successive  sections 
so  that  the  recovered  timber  may  be  left  in  open  square  sets  at  the  edge 
of  the  stope  and  used  when  the  adjacent  section  is  being  worked,  as  the 
cost  of  excessive  handling  soon  reduces  the  saving  to  a  minimum. 

When  an  attempt  to  rob  the  timbers  from  a  square  set  is  anticipated 
the  first  section  as  carried  up  five  sets  wide,  as  shown  in  Fig.  1.     The 

*  These  costs  obtain  under  normal  conditions  with  a  base  wage  of  $4  per  day 
for  miners  and  $3.75  for  muckers.  During  the  past  year  the  sliding  wage  scale  and 
the  abnormally  high  coat  of  supplies  have  resulted  in  a  material  increase  in  all 
mining  costs. 
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length  of  the  section  is  determined  by  the  character  of  the  ground  and 
varies  from  five  to  as  many  as  ten  sets.  It  is  advantageous  to  carry  the 
section  as  long  aa  the  ground  will  permit,  since  the  longer  the  section  the 
greater  will  be  the  ultimate  timber  recovery.  It  is  usually  not  feasible  to 
attempt  to  recover  timber  from  a  stope  over  50  ft.  in  height.  When  an 
orebody,  the  thickness  of  which  is  greater  than  this,  is  to  be  mined  and  the 
timber  recovered  by  this  method  the  operation  is  carried  on  in  succes^ve 
lifts,  aa  will  be  hereinafter  described.  In  stoping  the  section  a  gangway 
is  maintained  in  the  central  row  of  sets  on  the  sill  floor  and  chutes,  ee, 
built  in  each  alternate  set  on  either  side.     Slides  at  appropriate  places  in 
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the  stope  will  deliver  the  broken  ore  to  these  chutes  as  stoping  proceeds, 
with  a  minimum  of  shoveling.  The  square  sets  are  so  erected  that  the 
caps,  bb,  he  parallel  to  the  gangway  and  the  girts,  cc,  consequently  at 
right  angles  to  it.  When  the  ore  has  all  been  extracted  and  the  stope  is 
ready  for  robbing,  6  by  6-in.  braces,  dd,  are  placed  between  the  two  diago- 
nally opposite  caps  in  the  second  and  fourth  rows  of  sets  on  the  two  floors 
above  the  aill,  as  shown  in  Section  AA,  Fig.  1.  If  the  stope  is  taking 
weight  badly  a  brace  may  be  necessary  at  each  end  of  each  of  these  caps, 
but  in  some  cases  a  single  brace  in  the  middle  of  the  cap  is  sufficient.  It 
is  usually  the  case  where  robbing  is  attempted  that  the  plans  include  the 
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robbing  of  successive  sections  which  will  each  be  mined  in  turn  after  the 
preceding  one  has  been  robbed  and  filled.  If  such  is  the  case,  gob  lagging 
is  spiked  to  the  rows  of  posts  1  and  5,  Section  AA,  so  that  when  filling  is 
introduced  the  gob  will  lie  tightly  against  the  ground  or  previously  gobbed 
stope  on  that  side  of  the  section,  in  this  case  the  left,  where  no  further 
mining  is  anticipated.  One  run  of  sets  on  the  other  side  of  the  section 
will  be  left  open  when  the  stope  is  filled,  so  that  the  timber  as  extracted 
may  be  stored  in  these  sets  and  used  when  the  adjacent  section  is 
carried  up. 

After  the  braces  have  been  put' in  place  the  caps  in  row  2  are  cut,  as 
shown  in  the  detail,  Fig.  1,  to  permit  of  slipping  out  the  girts  between 
rows  2  and  3.  When  these  have  been  removed  it  is  a  simple  matter  to 
remove  the  caps  and  the  sill  and  first  floor  posts  in  rows  3  and  4  and  the 
girts  between  rows  3  and  5.  Waste  filling  is  then  introduced  until  it 
reaches  to  within  a  few  inches  of  the  second  floor  above  the  sill,  the  caps 
cut  and  the  timber  on  this  floor  between  rows  2  and  5  removed  as  before. 
The  braces,  partially  buried  in  the  gob,  may  be  drawn  out  by  throwing 
one  end  of  an  ordinary  mule  skinner's  tail-chain  over  the  exposed  end  of  a 
brace  and  fastening  the  other  to  the  end  of  a  piece  of  timber.  Using  this 
piece  of  timber  as  a  lever  and  the  cap  still  in  place  above  as  a  fulcrum 
the  brace  is  easily  loosened  and  drawn  from  the  filling.  During  each 
downward  movement  of  the  lever  the  chain  automatically  loosens  and 
slips  lower  on  the  brace,  so  that  one  man  can  easily  manage  the  operation. 
The  braces  as  removed  are  placed  diagonally  between  the  caps  at  the  top 
and  bottom  of  the  third  floor  above  the  sill.  These  braces  may  obviously 
be  used  again  and  again  until  weakness  or  damage  impairs  their  useful- 
ness. The  process  as  described  with  alternate  filling  and  drawing  timbers 
a  floor  at  a  time  is  repeated  until  the  top  of  the  section  is  reached  and  the 
stope  filled.  The  timber  as  removed  is  stored  in  the  open  run  of  square 
sets  for  use  in  the  adjacent  section.  In  all  cases  the  posts  and  girts  on 
each  end  of  the  stope  are  left  behind  and  if  the  ground  is  unusually  heavy 
it  is  safer  to  leave  an  entire  run  of  sets  to  support  the  ends  of  the  stope  as 
the  timber  in  the  center  is  being  removed.  These  are  left  in  the  gob  so 
that  the  ultimate  timber  recovery  is  much  reduced.  The  braces,  as  the 
timbers  below  are  removed,  take  up  the  vertical  and  part  of  the  lateral 
pressure,  but  the  major  portion  of  the  latter  is  taken  up  by  the  gob.  It 
is  essential,  therefore,  that  the  filling  be  kept  well  up  to  the  level  of  the 
floor  from  which  the  timber  is  being  removed. 

If  the  ground  is  unusually  heavy  or  the  orebody  over  50  ft.  in  thick- 
ness the  section  must  be  carried  up  in  successive  horizontal  lifts  in  order 
that  there  may  be  a  minimum  of  ground  open  at  any  one  time  before 
filling  is  introduced.  It  is  the  usual  practice  to  open  the  section  three  sets 
high,  brace,  remove  the  timbers  and  fill  as  before  the  lower  two  floors. 
With  the  stope  thus  securely  reinforced,  the  section  may  be  carried  two 
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sets  higher  when  the  two  lowest  open  floors  are  robbed  and  filled  as 
before.  If  the  ground  is  so  heavy  that  additional  precautions  are  neces- 
sary the  timber  is  first  drawn  from  only  one  end  of  the  stope  and  fiUing 
is  introduced  into  the  robbed  portion  while  the  adjacent  row  of  timber  on 
the  same  floor  is  being  extracted.  Thus,  as  soon  as  the  timber  is  removed, 
it  is  replaced  by  gob  so  that  the  walls  of  the  stope  are  at  all  times  amply 
supported.  Using  this  method  of  mining  and  recovering  the  timbers  in 
successive  lifts,  there  is  virtually  no  limit  to  the  height  to  which  a  section 
may  be  carried  safely  in  heavy  ground. 

The  adjacent  section  and  each  subsequent  one  are  carried  only  three 
sets  wide,  but  the  same  length  as  before.  The  method  of  timbering  and 
robbing  successive  sections  is  shown  in  Section  BB^  Fig.  1.  In  each  case 
the  stope  is  carried  up  alongside  of  the  run  of  square  sets  left  open  in  the 
previously  mined  section  so  that  four  sets  of  ground  are  actually  open. 
The  timber  extracted  from  the  preceding  stope  is  used  as  far  as  it  goes  in 
the  new  section.  That  which  is  in  the  best  condition  is  used  where  it  can 
be  recovered  again  and  the  partly  damaged  material  where  it  will  be  left 
behind  in  the  gob.  When  the  robbing  process  begins  in  a  new  section  the 
braces  are  placed  in  the  run  of  sets  left  open  in  the  previously  mined  sec- 
tion and  the  center  run  of  the  new  one.  The  caps  cut  are  those  directly 
against  the  gob.  In  every  case  it  is  the  caps  to  be  left  behind  that  are 
cut,  leaving  unmutilated  all  of  the  timber  to  be  removed.  As  filling  is 
introduced,  gob  lagging  is  spiked  as  shown  to  the  outside  of  the  center  run 
of  sets,  leaving  one  run  open  as  before  for  storing  timber  for  the  next  sec- 
tion. It  is  evident  from  Section  BB,  Fig.  1,  that  in  using  this  method  in 
several  successive  stope  sections  only  every  third  row  of  posts  and  caps  is 
left  behind  in  the  gob  while  all  the  intermediate  timbers  are  recovered. 
The  secrets  of  success  in  using  this  method  are  the  narrow  stopes  and  care 
in  keeping  the  filling  well  up  to  the  floor  from  which  the  timber  is  being 
taken. 

Mitchell  Slicing  System 

Mr.  Mitchell  is  also  responsible  for  the  next  improvement  in  stoping 
methods  which  has  found  wide  application  in  the  Calumet  and  Arizona 
mines  during  the  past  few  years.  This  method,  known  as  the  Mitchell 
slicing  system,  has  been  described  in  an  article  by  M.  J.  Elsing  in  the 
Engineering  and  Mining  Journal^  July  23, 1910,  but  as  several  changes  andx 
improvements  have  been  made  in  it  since  that  time  it  will  bear  further 
mention.  It  was  arrived  at  more  or  less  by  accident.  A  large  block  of 
ore  broke  away  from  the  back  while  a  heavy  sulphide  stope  was  being 
worked  and  in  order  to  recover  it,  long  stringers  were  thrown  across  the 
top  of  the  ore  to  support  the  back  and  the  ore  mined  from  above  by 
underhand  stoping.  The  method  as  finally  developed  from  this  simple 
beginning  is  applicable  to  orebodies  in  which  the  hanging  wall  is  fairly 
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flat  and  regular  and  the  lateral  pressure  not  too  great.  It  is  flexible, 
however,  by  virtue  of  the  fact  that  square  seta  may  be  u^d  in  conjunction 
with  the  method  in  mining  irregular  and  outlying  portions  of  the  ore- 
bodies.  Furthermore,  there  must  be  no  large  quantity  of  waste  in  the 
ore,  for  while  it  is  possible  to  sort  and  leave  some  waste  material  behind  in 
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the  Btope  the  method  loses  many  of  its  advantages  if  careful  sorting  must 
be  done. 

After  preliminary  prospecting  has  roughly  outlined  the  shape  and 
dimensions  of  the  oreshcot,  two  lead  rows  of  sill  square  sets  are  driven,  20 
ft.  center  to  center,  at  right  angles  to  the  general  strike  of  the  body  from 
the  main  working  drift  to  the  end  of  the  section  to  be  mined,  as  shown  in 
the  sill  floor  plan,  Fig.  2.    The  length  of  the  section  varies  from  25  to  50 
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ft.,  depending  upon  the  character  of  the  ground.  Where  it  is  possible  to 
run  cars  directly  into  these  two  crosscuts  a  small  sloping  cut  is  made  in 
every  alternate  set  on  the  same  side  of  ea,ch  crosscut  for  a  loading  chute. 
Care  must  be  taken  to  keep  these  cuts  small  and  under  no  circumstances 
to  take  them  on  both  sides  of  the  same  pillar,  for  if  the  base  of  the  pillar 
is  weakened  trouble  is  sure  to  ensue.  If  it  is  not  practicable  to  load  the 
cars  in  these  side  crosscuts,  as  is  often  the  case,  the  first  set  alone  may 
serve  as  a  chute  and  the  cars  be  loaded  directly  in  the  main  drift.  A  six- 
post  raise  is  carried  over  the  first  two  sets  in  each  cross-cut  through  to  the 
level  above  to  be  used  as  a  timber  and  manway  and  later  as  a  waste 
chute.  On  the  sill  floor  a  small  manway,  a,  is  cut  out  next  to  the  chute 
set  as  shown,  and  on  the  floor  above  the  ladderway  is  carried  up  over  the 
chute  while  the  other  compartment  of  the  raise  is  Uned  for  a  chute.  When 
the  raises  have  holed  to  the  next  level  runs  of  square  sets  are  carried 
directly  over  the  lead  rows  of  sill  sets  to  the  top  of  the  ore,  leaving  a  pillar 
of  ore  15  ft.  wide  and  the  length  of  the  section  resting  on  its  own  base  to 
be  subsequently  mined  in  horizontal  slices  from  the  top  downward. 
Under  normal  conditions  standard  10  by  10-in.  square-set  timbers  are 
used  in  these  preUminary  operations,  but  if  the  ground  is  unusually 
heavy  12  by  12-in.  timbers  are  advisable. 

The  first  slice  is  taken,  as  shown  in  Sections  AA  and  BB,  Fig.  2,  over 
the  whole  top  of  the  pillar,  cutting  it  loose  from  the  waste  hanging  wall. 
Machines  are  first  erected  in  the  topmost  square  sets  and  holes,  pointed  in 
such  a  manner  that  the  ore  passes  with  a  minimum  of  shoveUng  onto 
grizzUes  in  the  open  run  of  square  sets.  Where  only  one  chute  is  used  the 
broken  ore  fills  the  sets  until  its  normal  angle  of  repose  is  reached,  the 
remainder  running  from  the  chute  by  gravity.  The  10  by  10-in.  string- 
ers, dd,  15  ft.  long  and  framed  with  2-in.  tenons,  are  thrown  across  the 
open  slice  between  the  caps  of  the  topmost  run  of  square  sets  and  directly 
under  the  hanging  wall  with  such  blocking  and  lagging  as  is  necessary  to 
keep  the  stope  safe  and  the  timbers  secure.  In  placing  a  stringer  in 
position  the  tenon  on  one  end  is  inserted  in  the  place  between  caps  and 
post  framed  to  receive  it  in  the  same  manner  as  an  ordinary  girt.  The 
opposite  cap  is  cut  2  in.  to  allow  the  tenon  on  the  other  end  of  the  stringer 
to  be  swung  into  position,  as  shown  in  the  upper  floor  plan,  Fig.  2,  and  a 
piece  of  lagging  spiked  to  the  cap  to  hold  it  in  place.  The  topmost 
stringers  are  supported  temporarily  by  stulls  resting  on  ore  in  the  pillar 
until  enough  ground  has  been  broken  to  permit  of  laying  similar  stringers 
between  the  caps  of  the  next  lower  run  of  square  sets.  When  these 
stringers,  resting  on  the  unbroken  ore  in  the  pillar,  have  been  placed 
in  position  the  stulls  are  replaced  by  segment  sets,  gg,  of  10  by  10-in. 
timber,  erected,  as  shown  in  Section  A  A,  Fig.  2,  to  support  the  upper 
stringers  and  the  back  of  the  stope.  WTiile  10  by  10-in.  or  8  by  10-in. 
stringers  are  necessary  directly  under  the  hanging  wall,  it  is  the  usual 
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practice  to  use  8  by  8-in.  timber  for  those  subsequently  put  in  where  the 
weight  to  be  carried  is  much  less.  Segment  sets  are  usually  unnecessary 
except  below  the  topmost  stringers,  although  occasionally  used  below  if 
the  ground  is  very  heavy. 

The  next  slice  is  then  taken  across  the  top  of  the  pillar.  Either  jack- 
hamers  or  piston  machines  set  up  on  columns  between  the  stringers  are 
used  to  drill  down  holes,  pointed  so  that  the  ore  is  broken  directly  into 
the  chutes.  In  subsequent  slices,  if  a  piston  machine  is  used,  it  is  usually 
necessary  to  put  in  temporary  6  by  6-in.  braces,  hh,  between  the  stringers 
vertically  above  the  drill  column  in  order  to  make  the  machine  secure 
while  drilling.  It  is  sometimes  safer  to  put  in  temporary  horizontal 
spreads,  ee,  between  the  stringers  near  the  holes  which  are  about  to  be 
blasted.  If  the  ground  at  the  end  of  the  stope  begins  to  swell  or  work  10 
by  10-in.  diamond  braces,  ff,  are  placed  in  position  as  shown  in  the  upper 
floor  plan.  Fig.  2,  to  take  up  longitudinal  pressure.  The  slices  are  taken 
to  within  one  floor  of  the  sill  leaving  one  set  of  ore  to  be  mined  from  below. 
A  floor  is  then  laid  over  the  entire  dtope  and  2-in.  gob  lagging  is  spiked 
vertically  to  the  inside  of  both  vertical  runs  of  square  sets,  leaving  the 
square  sets  open  when  the  stppe  has  been  filled  to  be  used  as  one  set  of 
chutes  in  each  of  the  adjoining  sections.  If  the  ground  is  very  heavy  it 
has  been  found  impracticable  to  leave  these  sets  open,  and  in  that  case 
they  are  lagged  on  the  outside  and  filled  with  the  rest  of  the  stope.  The 
filling  is  introduced  through  the  two  raises  from  the  level  above  and  if  the 
stope  is  not  taking  weight  badly  a  considerable  proportion  of  the  string- 
ers and  segment  sets,  if  the  latter  have  been  used,  may  be  recovered  as 
filling  progresses.  Upward  of  50  per  cent,  of  the  stringers  may  be  thus 
removed  under  favorable  conditions.  If  it  has  been  considered  advisable 
to  leave  the  square  sets  open  the  timber  recovered  may  be  stored  in  these 
sets  and  used  when  the  adjoining  section  is  taken.  Where  the  timber 
cannot  be  used  in  a  stope  in  the  immediate  vicinity  it  is  usually  better 
economy  not  to  attempt  to  extract  it,  as  much  handling  soon  neutralizes 
any  saving  gained. 

The  maximum  vertical  height  of  a  section  which  may  be  safely 
mined  by  this  method  has  been  found  to  be  about  60  ft.  When  the  ore 
extends  from  level  to  level,  or  100  ft.  thick,  the  stope  is  worked  in  two  lifts 
of  50  ft.  each,  the  upper  Uft  first.  In  this  case  raises  are  driven  through 
from  level  to  level  as  before  but  the  preliminary  rows  of  square  sets  are 
driven  50  ft.  above  the  sill  and  carried  from  there  to  the  upper  level.  An 
attempt  was  made  at  first  to  carry  these  runs  of  sets  the  entire  100  ft., 
but  it  was  found  that  by  the  time  the  upper  lift  was  mined  out  and  filled 
the  timbers  below  were  so  badly  crushed  as  to  be  useless.  The  upper 
lift  is  mined  as  has  been  described  with  the  exception  that  the  sUces  are 
taken  for  the  entire  50  ft.  before  the  fioor  is  laid  and  filling  commences. 
It  is  obvious,  too,  that  all  of  the  ore  must  perforce  be  drawn  from  only  two 
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chutes  instead  of  from  the  series  of  chutes  as  is  optional  in  the  method  as 
originally  devised. 

Where  waste  material  must  be  sorted  from  the  ore  and  left  behind, 
flooring  may  be  laid  on  the  stringers  and  a  certain  amount  of  waste  piled 
on  the  floors.  A  recent  adaptation  of  the  method,  which  eliminates  to  a 
certain  extent  this  makeshift  device,  depends  on  mining  the  pillars  in 
benches  as  shown  in  Section  BB,  Fig.  2.  The  slices  are  taken  out  more 
rapidly  in  the  end  of  the  stope  nearest  the  waste  raises  so  that  the  lowest 
slice  is  mined  out,  the  floor  laid  and  filling  brought  in  while  mining  is  still 
progressing  on  the  upper  benches  at  the  other  end  of  the  stope.  When 
this  stage  is  reached  any  waste  encountered  may  be  mixed  with  the  filling 
in  the  worked-out  end  of  the  section.  Mucking  broken  ore  is  further  re- 
duced by  this  improvement  as  the  ore  runs  more  readily  into  the  chutes  if 
the  benches  are  properly  taken. 

In  preparing  to  work  a  section  adjoining  a  filled  stope,  a  new  lead 
row  of  sill  sets  is  driven,  as  shown  in  the  sill  floor  plan.  Fig.  2,  leaving  a 
15-ft.  pillar  as  before,  the  vertical  run  of  square  sets  carried  to  the  hanging 
wall,  and  this  run  of  sets  used  in  conjunction  with  the  one  of  the  other 
stope  which  is  still  open,  if  it  has  been  possible  to  so  leave  it,  as  chutes  in 
working  the  new  section.  Thus  but  one  run  of  square  sets  with  the  con- 
sequent narrow  work  is  necessary  for  each  section.  If  it  has  not  been 
possible  to  leave  the  square  sets  open  in  the  filled  section  it  becomes 
necessary  to  take  the  slices  at  such  an  angle  that  the  broken  ore  will  run 
by  gravity  into  the  new  run  of  sets.  The  bench  method  is  particularly 
useful  in  this  regard  as  it  facilitates  the  gravity  handling  of  the  ore. 

The  saving  in  labor,  timber,  and  powder  by  this  method  over  the 
square-set  stope  is  an  obvious  and  substantial  one,  but  the  main  advan- 
tage of  the  system  is  the  rapidity  with  which  the  ore  may  be  mined  if 
necessary  and  the  increased  tonnage  yield  per  man  in  the  stope.  While  5 
or  6  tons  per  man  is  considered  creditable  in  a  square-set  stope,  it  is  not 
considered  extraordinary  in  mining  the  pillars  in  the  Mitchell  system  to 
reach  three  or  four  times  those  figures  and  in  auger  ground  a  yield  as  high 
as  50  tons  per  man  per  shift  has  been  attained.  The  actual  saving  in 
stoping  cost  as  shown  in  the  appended  table  amounts  to  from  20  to  30 
per  cent,  of  that  of  square-set  stoping. 

Mitchell  Top-Slice  Caving  System 

It  was  decided  about  two  years  ago  that  the  top-slice  caving  method  as 
used  on  the  Minnesota  iron  range,  in  Cananea,  and  elsewhere,  might  be 
applied  to  a  large  body  of  oxide  ore  in  which  heavy  and  swelling  ground 
made  the  cost  of  square-set  stoping  excessively  high.  The  fact  that 
there  was  no  working  level  above  this  ore  from  which  the  stopes  might  be 
filled  also  contributed  to  the  choice  of  the  top-slice  system.     Although 
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the  method  as  usually  practised  worked  with  some  degree  of  success  and 
reduced  the  cost  of  sloping  substantially,  Mr.  Mitchell,  who  was  in  charge 
of  the  work,  was  not  satisfied  with  the  results,  and  from  it  he  evolved  an 
inclined  top-slice  caving  method  which  reduces  the  lai^e  amount  of 
handling  of  ore  in  the  stope,  incidental  to  ordinary  top-elicing,  to  a 
minimum. 

The  method  is  applicable  to  the  same  conditions  as  those  under  which 
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ordinary  top-slicing  is  successful,  that  is  to  say,  uniform  ground  which  is 
too  heavy  for  economical  square-set  stoping  and  which  will  cave  readily 
as  required,  but  may  be  at  all  times  kept  under  adequate  control.  It 
may  often  be  used  with  increased  economy  in  ground  adapted  to  square- 
set  stoping  if  the  other  conditions  obtain.  Before  deciding  upon  this 
method  there  should  be  reasonable  assurance  that  there  is  no  ore  left 
unextracted  above  the  body  to  be  caved,  as  the  subsequent  mining  of  this 
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ore  would  be  attended  by  many  difficulties  after  the  country  has  been  well 
broken  up.  In  case  development  work  is  being  done  on  a  level  above 
that  of  the  stopes,  this  method,  unlike  square-setting,  affords  no  means  of 
disposing  of  the  development  waste,  which  consequently  must  be 
trammed  to  the  shaft  and  hoisted.  In  common  with  ordinary  top-slicing^ 
ventilation  is  poor  in  the  stopes  worked  by  this  system.  There  is  sure  to 
be  some  ore  sacrificed  in  the  process  even  under  the  most  satisfactory 
conditions,  which  is  an  important  consideration  in  the  Warren  District 
where  a  comparatively  high-grade  ore  is  mined. 

In  preparing  for  this  method,  the  orebody  is  laid  out  in  45-ft.  sections 
at  right  angles  to  its  general  strike.  These  sections  may  be  mined  the 
width  of  the  or&to  a  maximum  of  about  80  ft.  and  100  ft.  is  the  economic 
limit  of  the  height  to  which  each  section  should  be  carried.  Permanent 
six-post  raises  are  driven,  as  shown  in  Sections  AA,  BB  and  DD,  Fig.  3, 
preferably  in  waste  at  the  edge  of  the  ore,  to  the  elevation  of  the  top  of  the 
orebody.  One  compartment  of  each  is  used  as  a  chute,  g,  the  other  as  a 
timber  and  manway,  /.  From  the  chute  compartment,  parallel  lead 
rows  of  square  sets  are  carried  the  width  of  the  ore,  or  of  the  section  to  be 
taken,  on  the  three  floors  directly  beneath  the  waste  hanging  waU.  On 
each  of  the  floors  below  these  the  square  sets  are  carried  a  distance 
decreasing  as  the  sill  is  approached  leaving  a  foot  wall  of  unbroken 
ground  sloping  in  the  direction  of  the  main  drift  on  which  the  broken  ore 
will  run  directly  into  the  chutes.  This  leaves  a  pillar  40  ft.  wide  which  is 
mined  by  horizontal  slices  from  the  top  downward,  one-half  from  either 
side  simultaneously,  and  the  back  allowed  to  cave  as  stoping  progresses. 

Before  taking  the  first  slice,  the  ground  on  either  side  of  the  top  row  of 
square  sets  is  broken  by  holes  drilled  from  a  set-up  in  the  square  sets  in 
such  a  way  that  4  by  10-in.  angle  timbers,  66,  7  ft.  6  in.  long,  may  be 
rested  on  soUd  ground  at  an  angle  of  about  45®,  as  shown  in  Section  A  A, 
Fig.  3;  2-in.  flooring  is  laid  on  these  angles,  making  a  sUde,  A,  upon  which 
the  subsequently  broken  ore  will  run  by  gravity  upon  grizzUes,  jj,  in  the 
square  sets  and  thence  into  the  chutes.  The  first  cut  is  taken  from  both 
sides  simultaneously  across  the  pillar  at  the  end  of  the  ore  or  section 
farthest  from  the  main  drift  and  is  timbered  with  standard  square  sets. 
The  slice  then  proceeds  from  this  cut  toward  the  main  drift,  working 
from  both  sides  of  the  section  at  once  and  supporting  the  waste  back  with 
square  sets;  4  by  10-in.  sills,  aa^  cut  to  lengths  and  with  bevels  as  shown 
in  Section  AA,  Fig.  3,  are  laid  at  the  base  of  the  posts,  furnishing  a  sup- 
port for  the  upper  end  of  the  angle  timbers.  Beneath  the  beveled  joints 
of  these  sills  pieces  of  2-in.  plank  are  spiked  to  render  them  rigid  and  to 
act  as  headboards  for  the  stuUs,  dd,  placed  under  them  when  the  next 
slice  is  taken;  2-in.  flooring  is  laid  on  top  of  these  sills.  As  the  slice 
retreats  toward  the  main  drift  the  rows  of  square-set  posts  first  erected 
are  shot  out  and  the  back  caved,  leaving  at  all  times  at  least  two  open 
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sets  between  the  working  face  and  the  caved  ground.  To  prevent  the 
vertical  run  of  square  sets  from  being  crushed  by  the  weight  of  the  caved 
ground,  small  bulkheads,  ee,  are  built  under  the  lower  caps  of  this  floor 
resting  upon  the  angle  timbers.  The  posts  are  then  cut  at  points,  kk, 
directly  under  the  angles,  thus  transferring  the  weight  from  the  square 
sets  below  to  the  solid  ground  in  the  pillar. 

When  the  upper  slice  has  proceeded  far  enough  from  the  extremity  of 
the  section  so  that  the  ground  first  caved  is  solid,  preparations  may  be 
begun  for  the  second  slice.  A  machine  is  set  up  in  the  open  run  of  square 
set«  and  ground  broken  so  that  4  by  10-in.  angle  timbers  11  ft.  long  may 
be  laid  as  before  at  a  slope  of  about  45^.  The  angle  timbers  and  sills 
above  are  caught  up  as  shown  with  round  stulls  resting  on  the  unbroken 
ore  in  the  pillar,  6  to  8  in.  in  diameter  as  the  groxmd  may  reqidre.  The 
preliniinary  cut  is  carried  as  before  about  5  ft.  wide  and  9  ft.  high  across 
one-half  the  width  of  the  section,  or  20  ft.,  erecting  stulls  under  the  sills 
beneath  the  caved  ground  and  timber  matte  above;  4  by  10-in.  sills  are 
so  laid  that  they  do  not  come  vertically  below  the  upper  sills,  for  the  ver- 
tical stulls  supporting  the  upper  sills  should  rest  directly  on  solid  ground. 
These  sills  are  covered  with  2-in.  flooring  as  before.  The  erection  of 
drill  colunms  and  the  pointing  of  holes  is  shown  in  Section  AA,  Fig.  S. 
The  breast  holes  shown  are  usually  unnecessary,  as  the  cut  holes  and 
lifters  are  in  almost  all  cases  sufficient  to  break  the  ground.  After  the 
preliminary  cut  has  been  taken  the  major  portion  of  the  ore  is  slabbed 
directly  into  the  chute  sets,  leaving  from  one-third  to  one-fifth  to  be 
mucked.  Stulls  should  be  just  strong  enough  so  that  the  third  stuU  back 
from  the  working  face  is  commencing  to  crush  as  the  face  is  being  drilled, 
as  shown  in  Section  DD,  Fig.  3. 

As  slicing  proceeds  downward  the  lower  floors  of  the  vertical  runs  of 
sets  must  be  extended  to  maintain  the  slope  of  the  solid  ground  to  the 
extreme  end  of  the  section  and  permit  the  broken  ore  to  run  readily  into 
the  chutes.  Care  must  be  taken  not  to  take  out  the  vertical  runs  of  sets 
too  far  ahead  of  operations,  for  the  weight  on  them  is  considerable  even  if 
the  greatest  precautions  are  taken.  If  the  orebody  is  over  80  or  100  ft.  in 
width  and  consequently  too  wide  to  be  mined  in  one  section  at  right 
angles  to  its  strike,  it  is  not  advisable  to  attempt  to  leave  a  vertical  wall 
of  ore  against  the  caved  ground  and  timber  matte  at  the  end  of  the  section. 
In  this  case  each  new  slice  is  started  about  5  ft.  closer  to  the  working  raises 
than  the  slice  above,  as  shown  in  broken  Unes  in  Section  DD^  Fig.  3. 
Thus  the  end  of  the  stope  is  left  in  steps  and  the  danger  of  losing  ore 
which  may  break  from  the  wall  and  mix  with  the  matte  is  eliminated. 
The  ore  so  left  may  be  recovered  readily  when  the  next  section  is  taken. 
As  mining  approaches  the  sill  floor,  chutes  may  be  put  in  the  sill  sets,  as 
shown  in  Section  AA,  Fig.  3,  at  such  intervals  as  will  faciUtate  the  rapid 
and  efficient  drawing  of  the  broken  ore.     Bulkheads,  with  subsequent 
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cutting  of  posts  to  take  the  weight  from  the  vertical  run  of  sets,  need  not 
be  erected  oftener  than  conditions  require.  In  normal  operations  bulk- 
heads in  every  third  sUce  afford  sufficient  protection  to  the  square  sets 
below.  Enough  partly  crushed  timber  comes  through  from  the  timber 
matte  above  to  build  these  bulkheads  so  that  their  cost  is  insignificant. 
It  has  been  found  that  the  maximum  thickness  of  slice  which  can  be 
safely  carried  under  the  conditions  encountered  in  the  Calumet  and  Ari- 
zona mines  is  10  ft.  6  in.  and  slices  of  this  thickness  are  not  attempted 
until  the  fourth  slice  is  taken  and  the  caving  matte  is  under  perfect  con- 
trol. If  waste  is  encountered  in  the  ore  it  is  quite  feasible  to  sort  it  out 
and  leave  it  behind  to  become  incorporated  with  the  caved  ground  and 
timber  matte,  butlike  the  method  last  described  the  system  loses  many  of 
its  advantages  if  careful  sorting  must  be  done. 

As  shown  in  the  appended  table,  a  10  per  cent,  reduction  in  stoping 
cost  is  gained  by  this  method  over  ordinary  top-slicing.  The  labor  cost  is 
cut  about  15  per  cent,  and  the  item  of  powder  is  substantially  reduced. 
The  ore  may  be  mined  rapidly  and  safely  in  the  heaviest  kind  of  ground. 
An  output  of  about  10  tons  per  man  per  shift  or  a  total  of  about  125  tons 
per  day  can  be  maintained  from  each  section. 

Oilman  Cut-and-Fill  System 

When  the  large  bodies  of  primary  sulphides  of  great  vertical  as  well  as 
horizontal  extent,  from  which  about  one-half  of  the  total  tonnage  of  the 
Calumet  and  Arizona  mines  is  now  being  derived,  were  first  opened  up 
they  were  mined  by  ordinary  shrinkage  stopes  of  great  size,  the  dimen- 
sions being  determined  solely  by  the  limits  of  the  orebody.  When  the 
stope  was  finished  the  shrinkage  ore  was  drawn  out  and  waste  filling 
introduced.  While  confined  to  virgin  ground  this  method  was  quite  safe 
and  satisfactory  as  the  country  rock  was  strong  massive  limestone  and  the 
walls  sound.  As  more  of  the  country  was  opened,  however,  these  large 
open  holes  became  dangerous  and  the  method  evolved  itself  into  a  com- 
bination of  shrinkage  and  cut  and  fill  with  virtually  no  limit  to  the  width 
of  the  stope  or  the  amount  of  open  ground  above  the  gob.  But  increasing 
disturbance  of  the  country  rock  as  mining  proceeded  recently  made  it 
necessary  to  develop  some  safer  method  of  mining  these  great  sulphide 
lenses  without  too  great  a  sacrifice  of  the  very  low  costs  and  flexibility 
of  the  systems  previously  used.  Consequently  a  cut-and-fill  method  was 
devised  by  Oscar  Oilman,  foreman  of  one  division  of  the  Calumet  and 
Arizona  mines,  which  has  remedied  the  existing  evils  of  the  older  systems 
and  still  permits  of  a  minimum  of  timber,  low  costs,  great  flexibility  and 
large  daily  tonnage.  The  method  may  be  used  wherever  the  ore  and 
country  rock  are  strong  and  solid  and,  while  the  width  of  each  stope 
section  taken  is  limited  to  40  ft.,  the  length  and  height  of  stopes  are 
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limited  only  by  the  extent  of  the  commercial  ore,  although  for  convenience 
sections  are  ueually  included  between  levels  100  ft.  apart  vertically. 

Crosscuts  are  driven  at  40-ft.  intervals  through  the  orebody  from  a 
strike  drift,  preferably  in  country  rock  in  one  wall  of  the  orebody,  at  right 
angles  to  its  general  strike.  A  cutting-out  stope  is  started,  as  shown  in 
Section  BB,  Fig.  4,  by  enlarging  the  crosscut  with  stoping  drills.  When  it 
has  reached  a  height  of  about  8  or  9  ft.  above  the  rail,  hitches  are  cut  in 
the  walls  and  temporary  so-called  "Cousin  Jack"  stringers,  gg,  about  10 
ft.  long  are  thrown  across  the  crosscut  at  5-ft.  intervals  5  ft.  above  the 
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rail;  4  by  10-in.  timbers  are  used  at  each  side  of  the  crosscut  to  support 
these  striagers  where  the  ground  requires  them.  Flooring  is  laid  upon 
the  stringers  in  a  direction  parallel  to  the  crosscut  so  that  ore  subse- 
quently broken  may  be  loaded  directly  into  cars  run  into  the  crosscut 
through  the  opening  made  by  removing  one  of  the  center  planks.  This 
device  is  used  only  during  the  early  stages  of  the  operation  to  eliminate 
mucking  from  the  floor  of  the  crosscut  before  the  stope  has  reached  pro- 
portions large  enough  to  permit  of  the  erection  of  permanent  aill  timbering 
and  chutes.    The  cutting-out  stope  is  then  enlarged  by  drilling  deep  holes 
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with  stoping  drills,  maintaining  an  arched  back  and  a  slope  of  about  20^ 
on  the  two  sides  of  the  crosscut  to  a  width  of  40  ft.  Hitches  are  cut  in  the 
sides  of  the  stope  to  receive  16-ft.  by  12-in.  by  12-in.  stringers,  aa^  which 
are  laid  at  5-ft.  intervals  for  the  length  of  the  section  8  ft.  in  the  clear 
above  the  rail.  The  "  Cousin  Jack"  stringers  are  then  removed  and  if  the 
ground  requires  it  the  16-ft.  stringers  are  supported  by  10  by  10-in. 
posts,  cCf  5  ft.  in  the  clear.  This  leaves  ample  room  for  the  42-cu.  ft. 
motor  cars  into  which  the  ore  is  loaded  in  these  crosscuts.  As  a  rule,  no 
braces  are  necessary  between  stringers  but  where  required  4  by  10-in. 
timbers  are  used.  Then  18-ft.  by  10-in.  by  10-in.  rafter  stringers,  &6, 
beveled  as  shown  in  Section  BB,  Fig.  4,  are  laid  on  the  sloping  sides  of  the 
stope  with  one  end  resting  on  each  16-ft.  stringer;  4-in.  flooring  is  laid 
over  the  whole  and  chutes,  dd,  built  on  both  sides  of  the  drift  in  each 
alternate  set.  A  10  by  10-in.  brace  is  used  between  the  stringers  at  the 
side  of  the  crosscut  where  the  chute  is  to  be  built. 

While  this  preUminary  preparation  has  been  going  on,  at  about  the 
center  of  each  section  a  raise  has  been  started  which  is  ultimately  con- 
nected with  the  level  above  to  be  used  for  timber  and  waste  filling. 
If  waste  is  encountered  in  driving  this  raise  it  is  discontinued  until  filling 
is  needed  in  the  stope.  To  provide  for  absolute  safety  no  more  than 
IQ  ft.  of  open  ground  is  left  at  any  one  time  between  the  floor  and  the 
back  of  the  stope.  The  initial  enlargement  of  the  stope  takes  place, 
as  shown  in  Sections  BB  and  CC,  Fig.  4,  beneath  the  waste  raise,  and 
when  the  10-ft.  limit  has  been  reached,  waste  is  admitted  and  forms  a  cone 
extending  out  toward  the  edges  of  the  stope.  Temporary  flooring  is 
laid  upon  this  gob  at  its  normal  angle  of  repose  leaving  only  2  or  3  ft. 
between  the  floor  and  the  back  of  the  stope.  The  back  may  be  sup- 
ported in  any  weak  spots  while  the  next  sUce  is  being  taken  by  temporary 
stulls  or  bulkheads  resting  upon  the  waste.  As  the  chutes  under  this  gob 
pile  are  covered  over  they  are  abandoned  and  the  ore  as  broken  runs 
upon  the  sloping  floor  and  is  drawn  from  the  chutes  still  open  at  either 
end  of  the  waste. 

As  mining  exposes  the  sides  of  the  stope,  8  by  10-in.  stulls,  ee,  from 
8  to  16  ft.  in  length  are  placed  vertically  at  5-ft.  intervals,  resting  on  the 
rafter  stringers.  Where  one  stuU  is  placed  upon  another  as  the  stope 
progresses  upward  they  are  securely  lashed  together,  on  four  sides  if 
possible,  and  each  tied  into  the  gob  with  timber  "dummies."  It  is 
advisable  to  use  as  long  stulls  as  practicable  for  every  joint  is  a  point  of 
weakness  when  the  next  section  is  taken;  2-in.  gob  lagging  is  spiked 
horizontally  to  these  vertical  stulls  before  filling  is  admitted.  In  the 
actual  process  of  mining  it  is  often  found  that  a  few  long  holes  judiciously 
placed  toward  the  sides  of  the  stope  will  when  blasted  break  the  arch 
and  break  a  much  greater  tonnage  than  would  normally  be  expected. 
When  the  limits  of  the  orebody  approach  the  vertical  it  becomes  neces- 
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Kiry  to  carry  up  a  chute  or  two,  //,  next  the  waste  wall  with  4  by  lO-in. 
cribbing  through  the  waste  filling,  to  be  used  as  ore  chutes.  The  length 
of  the  stope  often  becomes  so  great  as  mining  progresses  upward  that  one 
raise  will  not  serve  for  filling  the  whole  stope.  In  this  case  another 
raise  may  be  driven  through  to  the  level  above,  or  the  outlying  portions 
of  the  stope  filled  by  driving  small  inclined  raises  off  into  the  waste  walls. 
It  is  apparent,  however,  that  under  normal  conditions  waste  raises  may 
be  a  long  distance  apart. 

Comparative  Sloping  CosU^ 


Method  and  Conditiona 


Labor 


I 


Squ&re-6et,  oxide  ore,*  heavy  ground !$0. 73 
Square-set,     oxide     ore,     average 

ground 0.60 

Square-eet,     oxide     ore,     robbing 

timbers 

Top-slice  caving,  old  method,  oxide 

ore,  heavy  ground ;  0. 63 

Mitchell  top-slice  caving,  oxide  ore, 

heavy  ground 0. 54 

Mitchell  slicing,  oxide  ore,  average 

ground 0.51 

Square-set,  sulphide  ore,'  average 

ground 0. 49 

Mitchell  slicing,  sulphide  ore,  aver-  I 

age  ground '  0.43 

Cut-and-fill,   Gilman  method,  sul- 
phide ore,  good  ground 0.34 

Cut-and-fill,  old  method,  sulphide 

ore,  good  ground 0. 32 


Explo- 
•ivet 


$0.06 
0.05 


Timber 


Candles 

or 
Carbide 


Air 


Other 

Sup- 

I^ee 


Total 


$0.34 

0.25 
I 
0.16      0.01 


$0.01  !$0.12 
0.01  '  0.10 


0.61;  0.05 

0.07'  0.20!     0.01 


0.04 
0.05 
0.04 
0.03 
0.04 
0.04 


0.21 
0.20 
0.19 
0.15 
0.07 
0.04 


0.01 
0.01 
0.01 
0.01 
0.01 
0.01 


$0.04 
0.04 


I 


$1.30 
1.05 


0.10 


0.04,  0.97 


0.10    0.03 


0.10 
0.06 


0.03 
0.02 


0.04    0.03 
0.03    0.01 


0.04 
0.04 


0.01 
0.01 


1.04 
0.93 
0.85 
0.80 
0.66 
0.51 
0.46 


'  Figured  on  the  basis  of  the  wet  tons  mined.     These  costs  obtain  under  normal 
conditions  with  a  base  wage  of  $4  per  day  for  miners  and  $3.75  for  muckers. 
'  Oxide  ore  in  place  will  average  from  12  to  16  cu.  ft.  to  the  ton. 
'  Sulphide  ore  will  average  from  9  to  10  cu.  ft.  to  the  ton. 

If  there  is  a  great  demand  for  ore,  stoping  may  be  commenced  in  the 
adjoining  section  while  still  mining  in  the  original  section.  If  this  is  con- 
templated it  is  better  practice  to  drive  the  original  waste  raise  nearer  one 
end  of  the  section  so  that  there  may  be  a  considerable  thickness  of  gob  at 
that  end  while  stoping  is  still  in  progress  in  the  lower  portion  of  the  other 
end.  Stoping  in  the  new  section  is  carried  on  in  identically  the  same 
manner  as  before.  The  new  waste  raise  is  driven  near  the  same  end  of 
the  section  as  in  the  adjoining  partially  filled  stope  so  that  mining  in  the 
new  section  proceeds  most  rapidly  adjacent  to  that  part  of  the  original 
stope  in  which  the  gob  is  thickest  and  most  firmly  consoUdated.  In 
mining  alongside  of  this  old  filling  care  must  be  taken  not  to  expose  too 
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much  of  it  at  one  time,  and  the  stuU  joints  must  be  watched.  But  if 
proper  precautions  are  taken  no  difficulties  are  experienced  in  mining 
two  or  more  parallel  stopes  simultaneously.  It  is  inadvisable  to  leave  a 
section  with  the  idea  of  mining  it  after  the  stopes  on  either  side  have  been 
finished  and  filled.  Carrying  a  stope  by  this  method  between  two  gobbed 
sections  is  at  best  an  uncertain  operation  and  the  risk  may  be  entirely 
eliminated  by  taking  the  sections  in  succession  as  described.  The  ridge  of 
ore  35  ft.  wide  and  14  ft.  high  between  each  stope  on  the  sill  floor  is  left 
to  be  mined  from  below.  While  as  yet  no  stopes  have  been  carried  up 
to.  this  pointy  no  difficulty  is  anticipated  as  the  two  rafter  stringers  braced 
against  each  other  will  be  virtually  self-supporting  and  in  any  event  it  will 
prove  a  simple  matter  to  catch  them  with  stuUs  from  below. 

Phenomenally  low  costs  for  the  Warren  District  have  been  obtained 
with  this  system  of  stoping.  It  will  average  about  S0.50  per  ton  and  a 
much  lower  figure  has  been  reached  under  especially  favorable  conditions. 
Although  slightly  higher  than  the  cost  of  the  old  shrinkage  method  the 
added  consideration  of  safety  more  than  counterbalances  the  small 
increase  over  the  more  hazardous  system.  The  stope  ventilation  is  good 
and  the  efficiency  of  the  men  high.  An  average  yield  of  about  12  tons  per 
man  per  shift  can  be  maintained  under  normal  working  conditions.  The 
daily  tonnage  output  of  each  section  will  average  100  tons  and  may  be 
crowded  to  160  or  even  200  tons  per  day. 

Summary 

In  comparing  the  various  methods  described,  the  considerations 
enumerated  in  the  early  part  of  the  paper  must  be  appUed  to  each  system. 
The  cut-and-fiU  system  is  easily  the  cheapest  and  most  satisfactory  in 
every  way  where  conditions  will  permit  of  its  use.  The  item  of  timber, 
usually  a  large  one,  is  much  reduced  and  the  risk  of  fire  is  virtually 
eliminated.  While  any  large  horse  of  waste  encountered  in  the  ore  may 
be  kept  separate  and  left  in  the  gob,  any  attempt  at  close  sorting  is 
inadvisable.  As  in  the  case  of  the  Mitchell  sUcing  system,  if  the  ore  is 
fairly  clean  the  greatest  ultimate  economy  will  be  gained  by  mining  it  all 
as  it  comes  without  attempting  to  sort.  The  consequent  low  stoping 
cost  obtained  by  mining  large  tonnages  rapidly  will  more  than  counter- 
balance the  increased  cost  of  handling  and  treating  a  slightly  lower  grade 
material.  In  neither  system  can  the  grade  of  ore  be  controlled  as  closely 
as  in  the  square-set  or  top-slice  caving  methods.  Where  the  ore  is  very 
irregular  or  badly  mixed  with  waste  the  square-set  method  is  still  found 
to  be  the  most  satisfactory.  If  the  stope  is  in  good  condition  a  consider- 
able proportion  of  the  timbers  may  be  safely  extracted  as  it  is  filled. 

For  a  heavy  uniform  orebody  the  Mitchell  incUned  top-slice  caving 
system  is  a  good  one.     While  it  still  retains  some  of  the  disadvantages  of 


PPriLIP   D.   WILSON  1117 

1 

the  old-fashioned  top  slice  it  is  in  many  ways  a  great  improvement  over 
the  older  method.  Its  principal  advantages  are  the  substantial  saving  in 
labor  and  powder,  and  the  greater  rapidity  with  which  the  ore  may  be 
mined.  Its  unfavorable  features  are  those  of  all  top-slice  caving  methods, 
the  almost  inevitable  sacrifice  of  some  ore,  narrow  work,  poor  ventilation 
in  the  stopes  and  the  fact  that  the  ground  above  is  so  badly  broken  as  to 
render  the  expense  of  future  work  on  upper  levels  so  great  as  to  be  in 
many  cases  prohibitive.  The  Mitchell  slicing  system  finds  its  chief 
application  to  fairly  regular  bodies  in  not  too  heavy  ground.  Under 
favorable  conditions  lower  costs  are  obtained  with  this  method  than  by 
any  of  the  others  in  use,  with  the  exception  of  the  cut-and-fiU  method. 
Its  saving  in  labor  and  timber  is  a  very  appreciable  one  over  square-set 
stoping  and  the  cycle  of  preparing,  mining,  filling  and  abandoning 
a  section  is  normally  a  very  short  one.  This  feature,  in  addition  to  per- 
mitting a  large  daily  output,  reduces  considerably  the  repair  cost  inci- 
denta.1  to  keeping  a  section  of  the  country  open  over  a  long  period.  In 
short,  the  introduction  of  these  methods  has  effected  a  tremendous  saving 
to  the  Calumet  A  Arizona  Mining  Co.  during  the  past  few  years  without 
the  slightest  sacrifice  of  the  safety  of  the  men  or  of  the  mines  in  which 
they  have  been  used. 

In  closing  the  author  wishes  to  acknowledge  his  indebtedness  to  M.  W. 
Mitchell  and  Oscar  Gilman,  mine  division  foremen  of  this  company,  for 
invaluable  assistance  in  the  accumulation  of  data  for  this  paper. 
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The  Flotation  of  Minerals 

BT  ROBBRT  J.   ANDBB80N,*  B.   B.,   ROLLA,   MO. 
( Aiiaona  Meetinc  September,  191(0 

Introduction 

During  the  past  5  years  no  subject  has  aroused  more  interest  or  re- 
ceived more  attention  among  mill  operators  than  flotation.  One  reason 
for  this  is,  undoubtedly,  the  remarkable  success  of  the  process  in  Australia 
where  that  country  has  risen  to  the  position  of  furnishing  one-fifth  of  the 
world's  supply  of  zinc.  The  plant  of  the  Butte  A  Superior  Copper  Co., 
designed  by  James  M.  Hyde  in  1912,  was  the  first  important  large  flota- 
tion plant  in  this  country;  other  installations  have  been  made  since  then 
with  considerable  frequency,  particularly  so  in  the  last  2  years. 

Without  going  into  complete  detail,  it  may  be  safely  said  that  although 
flotation  is  a  highly  successful  commercial  process,  it  is  more  or  less  on  an 
empirical  basis.  Upon  scanning  the  literature,  it  is  found  that  the  flota- 
tion investigations  have,  in  the  main,  dealt  with  a  solution  of  the  problems 
which  accrue  to  practise;  until  recently  no  attempt  was  made  to  remove 
the  difficulties  in  the  way  of  the  formulation  of  a  consistent  and  harmo- 
nious theory.  Of  late  this  phase  of  the  work  has  been  receiving  consider- 
able attention,  particularly  by  the  United  States  Bureau  of  Mines  at'  its 
Salt  Lake  City  station,  by  the  Mellon  Institute  at  Pittsburgh,  by  the 
General  Engineering  Co.  at  Salt  Lake  City,  by  many  of  the  mining  schools, 
and  private  individuals  almost  ad  infinitum.  There  is,  at  present,  an 
enormous  amount  of  laboratory  work  being  carried  on  in  flotation  re- 
search, and  probably  the  time  is  not  far  away  when  a  generally  acceptable 
explanation  of  flotation  phenomena  can  be  set  forth.  However,  at  this 
time,  it  seems  as  though  the  current  technology  is  befogged  with  a  super- 
abundance of  contradictory  evidence;  this  confusion  can  only  be  dispelled 
as  time  proceeds  and  the  knowledge  of  the  subject  becomes  more 
complete. 

Many  phenomena  are  supposed  to  contribute  to  the  flotation  of  min- 
erals, whether  in  whole  or  in  part  is  a  mooted  question.  I  shall  only 
sketch  roughly  the  present  tendency  of  ideas  and  make  no  reference  to  the 
first  early  and  crude  notions  which  have  little  value  other  than  histori- 
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cal  interest.  Many  questions  have  arisen  in  connection  with  flotation 
concerning  such  matters  as  surface  and  interfacial  tensions,  adsorption, 
absorption  or  occlusion,  colloids,  emulsions,  electrolytic  and  electro- 
static phenomena,  etc.  These  phenomena  are  to  be  discussed  in  later 
paragraphs  in  order  to  ascertain  what  bearing  they  may  have,  if  any,  on 
froth  flotation.  No  final  solution  of  this  very  large  problem  is  attempted 
in  this  paper,  for  in  any  discussion  of  flotation  theory,  at  this  time,  one  is 
confronted  by  so  many  obstacles  that  at  best  only  a  rather  fragmentary 
presentation  can  be  made.  An  attempt  has  been  made  in  this  writing 
to  correlate  the  operative  and  fundamental  principles  and  compare  in  a 
measure  some  of  the  theories  so  far  advanced. 

Discussion  of  Certain  Factors 

Surface  and  Interfacial  Tension 

Surface  tension  has  been  rather  well  defined  in  articles  appearing  in 
the  Journal  of  the  American  Chemical  Society  during  the  years  from  1908 
to  1913.  The  theory  of  surface  tension  has  been  treated  in  particular  by 
Laplace,  Gaus,  and  more  recently  by  Van  der  Waals,  and  by  Willows  and 
Hatschek.^  As  defined  by  Jones,*  "potential  energy,  present  at  the  sur- 
face of  liquids,  produces  a  tension  which  is  known  as  surface  tension." 
The  phenomena  which  are  invariably  indicative  of  surface  tension  are 
commonly  observed:  Drops  of  a  liquid  not  exposed  to  an  external  force, 
i.e.,  either  suspended  in  another  liquid  of  the  same  specific  gravity  or 
freely  falling,  assume  a  spherical  shape,  the  sphere  being  that  form  of 
body  with  the  smallest  surface  per  given  volume;  further,  if  water  be 
placed  in  an  open  vessel  its  surface  film  will  be  a  measurable  quantity, 
and  its  thickness  will  vary  with  a  number  of  factors  of  which  temperature 
is  one.  Its  thickness  is  observed  as  ranging  from  4  X  lO"'^  cm.  to  4  X 
10~*  cm.,  and  its  density,  when  referred  to  the  main  bulk  of  the  water 
below,  will  approximate  2.14.  Surface  tension  is  not  affected  by  the 
surface  area.  It  is  numerical  in  value  and  expressed  in  dynes  per  centi- 
meter. It  is  a  variable  factor  dependent  on  temperature,  increasing 
numerically  with  falling  temperature,  e.g.y  water  at  18°  C.  has  a  surface 
tension  of  73  dynes  per  centimeter,  and  at  0°  C.  75  dynes  per  centimeter. 
At  the  critical  temperature  of  a  liquid  its  surface  tension  becomes  nil. 

All  liquids  have  a  definite  cohesion  or  tensile  strength,  which  is  as- 
cribed to  the  well-known  mutual  attraction  of  their  molecules.  This  then 
is  comparable  to  a  pressure  existing  within  a  liquid,  which  has  been  termed 
the  '* intrinsic"  pressure.  Naturally  the  value  of  the  surface  tension  of 
solids  is  numerically  a  high  one.     The  surface  tension  of  a  pure  liquid 


1  Willows  and  Hatschek:  Surface  Tension  and  Surface  Energy,  1915. 
*  Jones:  Elements  of  Physical  Chemistry ,  1907. 
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against  its  vapor  can  be  and  is  markedly  affected  by  the  addition  of  solu- 
ble contaminants.  Some  salts  will  raise  the  surface  tension  of  water 
while  others  will  lower  it;  the  fact  that  the  salts  of  weak  acids  will  lower 
the  surface  tension  of  water  is  explained  by  the  fact  that  free  acid  is 
liberated  by  hydrolysis.  It  is  further  known  that  all  acids  will  lower  the 
surface  tension  of  water.  The  surface  tension  of  water  is  decreased  by 
the  addition  of  oil,  or  better,  oil  will  reduce  the  interfacial  tension  between 
the  water-air  phases.  A  phenomenon  for  which  no  explanation  has  been 
given  is  the  one  which  shows  that  the  addition  of  contaminants  may 
either  raise  or  lower  the  surface  tension  gf  water,  but  such  addition,  while 
it  may  decrease  that  tension  greatly,  can  increase  it  only  slightly.  Any 
lowering  of  surface  tension  is  more  marked  in  a  liquid  which  has  a  high 
surface  tension,  e.g.,  water,  than  in  liquids  of  low  surface  tension. 

There  can  be,  of  course,  no  surface  tension  without  adsorption,  which 
produces,  in  the  case  of  positive  adsorption,  an  increased  surface  concen- 
tration resulting  from  a  lowering  of  the  surface  tension  by  the  contami- 
nating and  dissolved  substance  whatever  it  may  be.  The  equation  of 
Gibbs — u  =  —  c/Rtda/dc — gives  the  relationship  between  surface  ten- 
sion and  the  distribution  of  the  solute  between  the  bulk  of  the  liquid  and 
the  film  interface.     Here  the  notation  is: 

u  =  excess  of  substance  in  the  surface  layer, 

c   =  concentration  in  the  main  body  of  the  liquid, 

R  =  the  gas  constant, 

t    =  absolute  temperature, 

a   =  surface  tension. 

This  shows  that  when  the  surface  tension  is  reducf  d  by  the  addition  of  a 
contaminant,  the  quantity  dc/dc  is  negative  and  u  is  positive  (from  alge- 
braic consideration).  The  surface  film  then  contains  more  of  the 
contaminant  than  the  main  body  of  the  solution.  If  the  surface  film 
contains  less  of  the  contaminant  than  the  main  body  of  the  solution  it 
is  a  case  of  negative  adsorption. 

As  given  in  the  foregoing,  the  surface  of  a  liquid  against  its  vapor  is 
in  tension — surface  tension;  the  surface  of  liquid  against  another  liquid, 
or  a  gas  or  solid,  is  also  in  a  state  of  tension :  this  is  termed  interfacial 
tension.  In  the  consideration  of  the  bearing  which  surface  and  inter- 
facial tensions  have  on  froth  flotation,  this  condition  of  affairs  obtains  in 
the  flotation  machine:  Pulp  consisting  of  ore  of  approximately  80-mesh, 
water  in  ratio  of  3:1  of  ore,  and  oil  in  disappearingly  small  amount,  is 
being  violently  agitated.  For  the  sake  of  a  specific  case,  the  air  is  being 
forced  mechanically  into  the  swirling  pulp  by  beaters  or  stirrers.  These 
phases  then  are  present  in  flotation  by  the  oil-froth  process,  viz.,  solid- 
liquid  (ore-water),  solid-liquid  (ore-oil),  solid-gas  (ore-air),  liquid-liquid 
(water-oil),  liquid-gas  (water-air),  and  liquid-gas  (oil-air).     Thus  six  ten- 
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sions  are  present,  but  if  the  oil  is  soluble  in  the  water  the  tension  number 
becomes  three.  It  is  known  that  pure  water  can  not  be  made  to  maintain 
a  persistent  froth  because  its  surface  tension  is  too  high.  Acid,  if  present, 
will  lower  the  surface  tension  of  water,  as  will  oil  if  it  is  soluble  to  any 
extent.  Very  many  interesting  and  important,  as  well  as  speculative, 
consequences  follow  from  a  consideration  of  interfacial  and  surface  ten- 
sions, and;  in  a  later  paragraph,  we  shall  have  occasion  to  return  to  the 
consideration  of  these  complicated  phenomena. 

Certain  metallic  sulphides,  e.g.,  galena,  have  the  power  of  floating  on 
undisturbed  water;  they  are  not  wetted  and  the  curve  of  contact  is  con- 
vex. Some  gangue  minerals,  e.g.,  quartz,  possess  an  adhesive  force  of 
attraction  for  water  which  exceeds  the  intrinsic  pressure  of  the  water; 
they  are  therefore  wetted  and  sink  to  the  bottom,  being  drawn  through 
the  surface  film.  Such  properties  of  the  minerals  are  affected  by  the 
presence  of  oil,  acid,  and  other  reagents.  Oil  has  a  greater  adhesive  at- 
traction for  sulphide  minerals  than  for  gangue  minerals;  and  the  addi- 
ion  of  acid  and  oil  (if  it  is  soluble)  acts  as  a  contaminant  which  will 
ower  the  surface  tension  of  the  water  and  aid  in  the  production  of  a  per- 
sistent froth.  Let  us  now  look  into  the  question  of  adsorption  and  see 
what  part  it  plays  in  flotation,  since  it  is  so  requisite  to  the  production 
of  a  variable  surface  tension. 

Adsorption 

Generally  speaking,  adsorption  deals  with  the  unequal  distribution  of 
substances  at  the  interface  between  dissimilar  phases  such  as,  solid-solid, 
solid-liquid,  solid-gas,  liquid-liquid,  liquid-gas,  and  gas-gas.  It  is  purely 
a  physical  effect.  Commonly,  adsorption'  is  construed  to  be  the  result  of 
the  condensation  of  a  disperse  phase  upon  the  interfacial  boundary  solid- 
liquid.  Returning  for  a  moment  to  the  Gibbs  equation  mentioned  above, 
adsorption  may  occur  if  the  interfacial  tension  solid-liquid  is  reduced — 
this  being  ppsitive  adsorption.  If,  however,  such  an  interfacial  tension 
is  raised  in  value  it  is  a  case  of  negative  adsorption  as  the  solute  or  dis- 
perse phase  will  be  rejected  from  the  surface.  Any  condensation,  strictly 
stated,  of  a  solute  or  disperse  phase  in  the  interfacial  boundary  separating 
liquid-liquid  or  liquid-vapor  is  held  to  be  a  special  case  of  adsorption. 
However,  in  the  general  sense,  the  phenomenon  is  looked  upon  as  being 
the  result  of  condensation  of  a  disperse  phase  in  the  interface  of  two  im- 
miscible phases.  Adsorption  is  shown  very  strikingly  by  colloid  gels — 
the  product  obtained  by  the  coagulation  of  sols — and  certain  cases  of 
selective  adsorption  are  very  remarkable.  Adsorption  will  naturally 
vary  with  the  surface  exposed.  In  Miss  ■  Benson's  experiments  with 
amyl  alcohol  in  aqueous  solution,  amyl  alcohol  reduced  the  surface  ten- 


'  Briggs:  Journal  of  Physical  Chemistry,  vol.  19,  No.  3,  p.  210  (March,  1915). 
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sion  of  the  water,  and  it  was  found  by  producing  a  voluminous  froth  that 
the  alcoholic  concentration  in  the  froth  exceeded  that  in  the  bulk  of  the 
aqueous  solution  by  about  5  per  cent.  A  froth  has  a  very  large  surface, 
and  it  would  be  expected  that  the  adsorption  would  be  greater.  Such 
experiments  prove  the  value,  quaUtatively,  of  the  Gibbs  rule. 

Recent  work  shows  that  all  solids  do  condense  certain  amounts  of 
gases  on  their  surfaces  and  retain  them  there  with  very  great  tenacity. 
Liquids  in  like  manner  adsorb  gases.  Further,  liquids  and  solids  exhibit 
marked  selective  adsorption  of  gases.  Although  this  selective  adsorp- 
tion obtains,  no  evidential  proof  has  been  submitted  which  says  that  the 
amount  of  gas  adsorbed  by  one  substance  is  largely  different  than  the 
amount  adsorbed  by  another  substance.  An  electric  charge  on  an  ad- 
sorbed substance  probably  would  considerably  influence  the  amount 
adsorbed.  The  adsorption  of  air  plays  an  important  rdle  in  flotation, 
for  as  Breuer  points  out,  the  adsorbed  air  film  is  enormously  responsible 
in  preventing  the  coalescence  of  solid  particles. 

A  comprehensive  study  of  the  adhesion  of  small  particles  of  solid  to 
the  dineric  interface  (surface  separating  two  liquid  phases)  has  been  made 
by  Hofmann*  based  on  the  theory  of  Des  Coudres.*  From  the  stand- 
point of  flotation  this  may  be  given  as  follows:  If  a  solid  particle,  e.g., 
quartz,  is  wetted  much  more  strongly  by  water  than  by  another  liquid, 
e.g.j  oil,  the  water  will  displace  the  oil,  and  a  film  of  water  will  form  about 
the  quartz  particle  according  to  the  relative  forces  of  adhesion.  Then 
the  quartz  particles  will  remain  in  the  water  phase  if  the  water  has  a 
specific  gravity  greater  than  the  oil,  regardless  of  their  size;  but  if  now 
the  oil  has  a  greater  specific  gravity  than  the  water,  then  the  quartz 
particles  will  remain  in  the  water  phase  until  the  size  of  the  particles  is 
such  that  the  force  of  gravity  will  remove  them  from  the  water.  Con- 
versely, if  a  solid  particle,  e.g.,  galena,  is  wetted  more  strongly  by  oil  than 
by  water,  the  oil  will  form  a  surface  film  about  the  particle  and  hence 
prohibit  the  particle  from  being  wetted  by  water,  i.e.,  from  entering  the 
water  phase.  Then  the  galena  will  only  enter  the  water  phase  when  the 
water  is  more  dense  than  the  oil,  and,  further,  when  the  galena  particles 
are  of  such  a  size  that  the  force  of  gravity  overcomes  the  adhesion  of  the 
oil  film  to  the  oil. 

Returning  to  purely  theoretical  considerations,  Hofmann  draws  cer- 
tam  conclusions  at  this  juncture  which  deal  with  the  supposition  that 
solid  particles  wiU  then  remain  in  the  surface  separating  two  immiscible 
liquids,  if  those  particles  are  wet  partially  by  each  liquid.  I  quote  Ban- 
croft at  length  on  this  matter:*  "The  solid  particles  tend  to  go  into  the 
water  phase  if  they  adsorb  water  to  the  practical  exclusion  of  the  other 

*ZeU.  Pkya.  Chem.,  vol.  83,  p.  386,  1913. 

*Arch.  ErUwiddungamechanikf  vol.  7,  p.  325,  1898. 

*  Bancroft:  Journal  of  Phyncdl  Chemistry,  vol.  19,  No.  4,  p.  287  (April,  1915). 
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liquid;  they  tend  to  go  into  the  other  liquid  phase  if  they  tend  to  adsorb 
the  other  liquid  to  the  practical  exclusion  of  the  water;  while  the  particles 
tend  to  go  into  the  dineric  interface  in  case  the  adsorption  of  the  two 
hquids  is  sufficiently  intense  to  increase  the  miscibility  of  the  two  liquids 
very  considerably  at  the  surface  between  solid  and  liquid." 

Any  simultaneous  adsorption  of  two  immiscible  liquids  by  a  solid 
would  probably  tend  to  result  in  the  formation  of  a  homogeneous  liquid 
phase  at  the  surface  of  the  solid. 

In  regard  to  the  effect  of  contaminants  or  other  impurities  in  contact 
with  two  immiscible  liquids,  this  condition  obtains:  If  the  contaminant 
is  soluble  in  one  liquid  but  not  in  the  other,  and  also  lowers  the  interfacial 
tension  of  the  two,  the  equation  set  forth  by  Gibbs  exacts  the  requirement 
that  the  contaminant  should  obtain  in  the  interface.  Examples  of  this 
prove  the  validity  of  the  law. 

The  terms  adsorption  and  absorption  have  been  used  interchangeably 
in  some  writings,  thus  contributing  to  the  already  existing  confusion  of 
ideas. 

Absorption  or  Occlusion 

There  are  three  ways  by  which  gases  can  be  held  with  reference  to 
solids:  viz.,  (1)  By  surface  adsorption;  (2)  in  solid  solution;  and,  (3)  by- 
occlusion.  The  term  '* occlusion"  has  been  applied  indiscriminately  to 
any  of  the  above  methods  by  which  gases  are  held  by  solids.  Strictly 
speaking,  by  occluded  gas  is  meant  gas  which  is  absorbed  and  held  in 
finely  divided  pores  or  openings  which  may  be  of  microscopic  size.  A 
recent  theory^  holds  that  occlusion  plays  the  operative  r61e  in  the  flota- 
tion of  minerals  by  all  processes.  I  am  unable  to  reconcile  myself  to 
this  explanation  fpr  a  number  of  reasons.  Marked  instances  of  occlu- 
sion at  normal  temperature  are  known  only  in  certain  amorphous  sub- 
stances like  charcoal.  Many  metals,  of  course,  both  in  the  liquid  and 
solid  states,  have  the  power  of  occluding  gases,  often  in  marked  degree. 
There  may  be  and  undoubtedly  are  fine  pores  in  the  floatable  minerals, 
which  may  in  a  sense  be  considered  as  an  assemblage  of  capillary  tubes; 
these  can  and  do  occlude  gas.  Yet  occlusion  is  marked  only  in  amorphous 
substances  and  in  certain  metals  as  just  stated.  It  is  definitely  known 
that  occluded  gases  are  retained  with  very  great  tenacity  by  the  sub- 
stances occluding  them  and  therefore  expelled  only  with  difficulty.  It 
seems  anomalous  then  to  hold  that  the  occluded  gas  can  depart  from  the 
mineral  occluding  it  with  sufficient  speed  to  aid  the  air  bubbles  in  the 
liquid  in  the  process  of  flotation.  I  believe  rather  firmly  that  occlusion 
is  not  a  cogent  factor  in  flotation  by  any  process,  and  that  a  more  con- 

^  Durell:  Mining  and  Scientific  Press,  vol.  Ill,  No.  12,  p.  428  (Sept.  18,  1916)  and 
Durell:  Metallvrgical  and  Chemical  Engineering,  vol.  14.,  No.  6,  p.  251  (March  1, 
1916). 
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sistent  theory  may  be  formulated  without  postulating  these  conjectures 
regarding  occlusion. 

CoUoida 

Colloids,  in  the  original  definition  of  the  term  by  Thomas  Graham, 
are  not  a  definite  class  of  substances;  rather  a  large  number  of  different 
substances  may  be  made  to  assume  the  colloidal  state  if  proper  precau- 
tions are  taken.  All  of  which  reveals  the  striking  fact  that  this  colloidal 
condition  is  a  state  and  not  a  farm  of  matter.  The  ultra-microscope  of 
R.  Zsigmondy  and  H.  Siedentopf  has  increased  the  knowledge  of  colloids 
to  a  great  extent.  A  rather  general  statement  may  be  made  regarding 
colloids  and  that  is,  that  they  do  not  show  osmotic  pressure  in  any  ap- 
preciable amount.  Colloidal  solutions — sols — are  regarded  as  systems 
of  two  phases,  in  which  the  dissolved  substance  is  the  disperse  phase  and 
the  solvent  the  continuous  phase. 

Since  in  flotation  the  ore  is  often  as  small  in  size  as  certain  of  the  col- 
loids, the  flotation  pulp  (ore,  water,  etc.)  can  be  looked  upon  as  a  coarse 
suspension,  and  the  laws  of  colloids  apply  here  with  equal  force  as  in  the 
realm  of  colloidal  chemistry.  So-called  suspensions  are  systems  con- 
sistmg  of  solid  particles  of  microscopic  size  distributed  through  a  liquid. 
As  mentioned  by  Ralston,^  Reinders  has  treated  at  length  the  particular 
case  of  a  solid  phase  maintained  in  contact  with  two  liquid  phases,  i,e,, 
two  immiscible  liquids.  His  work  is  based  on  the  different  interfacial 
tensions  existing,  and  his  experiments  and  those  of  Hofmann,  as  men- 
tioned in  an  earlier  paragraph,  have  considerable  bearing  on  the  flotation 
problem. 

Emulsions 
Emulsions  are  fairly  coarse  dispersions  of  one  liquid  in  another  with 
which  it  is  immiscible.  The  simplest  and  commonest  emulsions  are  the 
oil-water  emulsions,  i.e.,  the  pure  oil- water  emulsions,  containing  no 
emulsifying  agent  such  as  soap,  proteids,  etc.  In  such  systems  the  oil 
globules  can  be  coagulated  by  electrolytes,  show  the  Brownian  move- 
ment strikingly,  and  can  even  be  retained  by  some  filtering  media.  Any 
process  of  emulsification  is  dependent  on  a  surface  tension  lowering,  or, 
to  be  more  precise,  on  a  lowering  of  the  interfacial  tension  between  the 
two  phases.  According  to  Briggs  and  Schmidt,'  the  two  essential  re- 
quirements of  an  emulsifying  agent  are  these:  (1)  The  property  of  con- 
densing by  adsorption  in  the  dineric  interface;  and  (2),  the  ability  to  form 
under  these  circumstances  a  strong  coherent  film.  Temperature  is  a 
cogent  factor  in  emulsification,  for  its  effect  is  to  reduce  the  interfacial 


•  Ralston:  Mining  and  Sdmtific  Press,  vol.  Ill,  No.  17,  p.  623  (Oct.  23,  1915). 
*Brigg)B  and 'Schmidt:  Journal  of  Physical  Chemistry,  vol.  19,  No.  6,  p.  479 
(Jime,  1915). 
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tension  between  phases  and  also  to  lower  the  viscosity  of  the  phases. 
In  the  production  of  emulsions,  a  considerable  amount  of  surface  energy 
is  produced  because  of  the  relatively  large  surface  area  of  the  disperse 
phase;  an  emulsion  is  the  more  speedily  effected  if  such  surface  energy  be 
reduced  by  the  use  of  a  liquid  having  a  low  surface  tension  as  the  con- 
tinuous phase.  Some  emulsions,  under  certain  conditions,  display  a 
great  increase  in  viscosity  over  that  of  either  of  the  immiscible  phases, 
e.g.,  the  emulsions  of  the  Pickering  order — ^up  to  99  per  cent,  of  oil  in  1 
per  cent,  of  soap  solution — can  be  cut  into  cubes.  Any  emulsion  pro- 
duced with  soap  solution  is  at  once  rendered  nil  by  the  addition  of  acid, 
as  the  latter  will  decompose  the  soap. 

If  solid  particles  are  suspended  in  a  liquid,  they  tend  to  increase  the 
viscosity  of  that  liquid  only  gradually  depending  on  the  amount  of  solid 
particles  present.  Experiments  have  shown  that  whenever  a  substance 
which  is  in  suspension  is  wetted  by  two  immiscible  liquids  simultaneously ,- 
it  will  go  into  the  dineric  interface  in  the  manner  already  referred  to,  and 
will  therefore  tend  to  produce  an  emulsion.  If,  however,  the  suspended 
particles  can  not  coalesce  due  to  adsorbed  oil  film  or  for  other  reasons  and 
thus  effect  the  production  of  a  coherent  film,  the  emulsion  will  not  be 
stable.  Very  little  data  are  available  on  the  production  of  emulsions  by 
the  oils  used  in  flotation  work,  or  on  the  matter  of  interfacial  tensions 
between  such  oils  and  water.  However,  we  are  no  doubt  dealing  with 
emulsified  or  partially  emulsified  pulp  in  some  of  the  flotation  processes, 
e.g.,  the  oil-froth  process  at  least. 

Electrolytic  and  Electrostatic  Phenomena 

Any  substance  which  is  placed  in  contact  with  water  or  many  other 
liquids  will  assume  an  electric  charge,  the  origin  of  which  is,  as  yet,  not 
set  forth.  Most  substances  when  in  contact  with  water  become  negatively 
charged,  but  these  charges  can  be  differed  at  will  or  reversed  by  the 
addition  of  the  proper  electrolyte  in  requisite  amount.  These  electric 
charges  are  by  no  means  confined  to  submicroscopic  particles  but  are 
found  also  on  the  particles  of  a  coarse  suspension.  Gangue  minerals, 
e.g.,  quartz,  when  suspended  in  water,  are  negatively  charged,  and  sul- 
phide minerals,  e.g.,  pyrite,  are  positively  charged  under  like  conditions. 
Oil  drops  are  negatively  charged,  as  are  air  bubbles  under  certain  con- 
ditions which  will  be  given  subsequently.  These  charges  are  very  mi- 
nute when  referred  to  the  mass  of  the  particle.  Substantial  evidence  is 
at  hand  which  goes  to  show  that  floatable  minerals  have  the  positive  sign 
of  electricity  when  suspended  in  water  or  can  be  made  to  assume  that 
sign  by  the  addition  of  proper  electrolytes  in  sufficient  amount.  As 
Callow^"  observes,  there  is  a  parallelism  between  electrostatic  character- 

"  J.  M.  CaUow:  BuUetin  No.  108,  p.  2334  (December,  1915). 
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istics  and  the  flotation  properties  of  ores.  Many  of  the  electrostatic 
principles  have  either  been  carried  too  far  or  misapplied  as  recent  work 
shows. 

Experiments  in  the  realm  of  colloid  chemistry  indicate  that  the  con- 
tact films  are  charged  and  that  such  charges  markedly  affect  the  disper- 
sion or  coherence  of  the  particles  in  suspension.  Naturally,  oppositely 
charged  contact  films  will  coalesce  while  similarly  charged  contact  films 
will  repel  each  other,  if  the  charges  are  sufficient  in  amount  to  overcome 
the  force  of  cohesiveness;  in  the  latter,  dispersion  is  the  result.  The 'oil 
and  air  contact  films  having  negative  charges  would  tend  to  attract  the 
sulphide  particles,  but  further  than  this  possibility  electrostatics  prob- 
ably plays  little  part  in  flotation  for  the  reasons  given  in  the  following 
paragraph. 

As  referred  to  above,  it  is  pretty  generally  admitted  that  only  min- 
erals which  are  good  conductors  are  suitable  to  flotation.  Now  then,  as 
the  electrical  theory  contends,  electrified  bubbles  must  be  supplied  to 
float  the  conducting  minerals  which  are  attracted,  leaving  behind  the 
minerals  which  are  not.  The  bubbles  in  flotation  are  simply  air  spaces 
contained  by  a  mantle  of  oil  or  of  water,  and  there  is,  therefore,  nothing 
within  to  bear  the  charge.  In  case  it  could  carry  a  charge,  which  would 
only  be  possible  by  the  presence  of  contained  ionized  gases  or  water  vapor, 
the  charge  would  be  speedily  dissipated  by  contact  with  the  interfacial 
boundary.  Then  in  order  for  a  bubble  to  carry  a  charge  it  must  be  pro- 
tected by  a  dielectric  film.  Further,  electrostatics  plays  probably  little 
part  in  holding  the  sulphide  particles  and  the  gas  bubbles  together  as 
neither  the  bubble  nor  the  particle  can  have  a  charge  of  sufficient  magni- 
tude when  referred  to  the  size.  The  electrical  theory  has  been  strongly 
championed  by  at  least  one  writer"  and  has  been  tolerated  by  some  others. 
A  recent  article**  indicates  that  the  principles  of  electrostatics  have  been 
considerably  misapplied.  It  is  my  belief  that  electrostatics  may  be  a 
small  contributing  factor  in  flotation  in  a  manner  not  as  yet  understood 
because  of  a  lack  of  data  concerning  charges  at  the  interfacial  boundary 
between  immiscible  phases,  e.g.,  where  the  colloidal  state  is  introduced 
in  oil-water  emulsions.  Apparently,  as  far  as  any  data  at  hand  are  con- 
cerned, they  all  serve  to  condemn  any  attachment  of  great  importance  to 
the  electrical  theory. 


"Bains:  The  Electrical  Theory  of  Flotation,  Mining  and  Scientific  PresSf  vol. 
Ill,  No.  22,  p.  824  (Nov.  27,  1916). 

Bams:  The  Electrical  Theory  of  Flotation,  II,iWd.,  vol.  Ill,  No.  24,  p.  883  (Dec. 
11, 1915).     - 

**Fahrenwald:  The  Electrostatics  of  Flotation,  ibid.,  voL  111,  No.  11,  p.  375 
(Marchill,  1916). 
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The  Character  and  Formation  of  Flotation  Froth 

Bearing  in  mind  the  phenomena  discussed  above,  let  us  turn  to  the 
flotation  of  minerals  by  means  of  the  froth  process  and  look  into  the  char- 
acter and  formation  of  froth.  A  froth  has  been  defined  as  a  multiplicity 
of  bubbles;  this  seems  to  be  wanting  in  some  respects  but  will  be  requisite 
and  sufficient  for  this  purpose.  The  froth  of  flotation  is  formed  by  the 
action  of  air  or  gas  in  water  containing  impurities  or  contaminants,  for 
pure  water  will  not  maintain  a  froth. 

Froth  and  Bvbbles 

The  idea  has  been  abandoned  of  late,  by  most  people,  that  a  low  sur- 
face tension  is  the  essential  requirement  for  froth  formation.  As  men- 
tioned by  Coghill  in  a  recent  writing,  the  contamination  of  the  liquid 
with  an  impurity  which  will  cause  a  variable  surface  tension  is  the  real 
requirement.  A  bubble  of  air  is  spherical  in  shape  and  this  shape  can 
only  be  maintained  if,  the  external  pressure  exceeds  the  internal  pressure. 
Since  a  bubble  does  not  expand  per  ae,  large  bubbles  can  only  be  accounted 
for  by  heat,  coalescence  or  electrification.  Viscosity  is  an  important 
factor  in  froth  persistence  as  it  increases  the  tenacity  of  the  liquid  film 
and  thus  prevents  ready  rupture.  The  rupture  or  bursting  of  bubbles 
is  accounted  for  by  these  reasons: 

1.  Concussion  upon  a  surface  film  which  is  deficient  in  the  requisite 
viscosity  and  variable  surface  tension. 

2.  ReUef  of  pressurer-here  the  gas  of  the  bubble  in  expanding  exerts 
a  pressure  which  exceeds  that  of  the  liquid  film. 

3.  Adhesive  force  of  the  entrained  gas  for  the  atmospheric  air. 
.4.  Evaporation  of  the  liquid  film. . 

Flotation  bubbles  will  burst  then  for  any  one  or  a  combination  of.  all 
these  reasons. 

Solutions  in  which  the  continuous  phase  is  a  solution  of  soap,  various 
products  from  the  saponification  of  albumens,  etc.,  will  froth  volumin- 
ously even  in  a  very  diluted  condition;  frothing  never  occurs  in  pure 
liquids  and  is  a  definite  proof  that  the  solute  or  disperse  phase  lowers  the 
surface  tension  of  the  solvent.  A  froth,  which  shows  adsorption  at  the 
interfacial  boundary  of  solution  and  gas,  depends  for  its  persistence  on 
the  production  of  a  viscous  film  at  that  boundary;  these  viscous  films 
are  the  direct  result  of  surface  adsorption  of  the  disperse  phase,  i.e.,  dis^ 
solved  contaminants,  the  amount  of  which  is  small — disappearingly  so. 
The  work  of  Hall  and  of  Miss  Benson  shows  that  in  a  foaming  liquid  the 
foam  is  richer  in  dissolved  contaminant  than  is  the  bulk  of  the  liquid. 
Froth  formation  in  the  Callow  cell  is  the  result  of  the  injection  of  air  into 
the  pulp  (already  emulsified);  the  froth  continues  to  obtain  as  long  as 
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there  is  sufficient  air  injected  into  pulp  of  the  proper  consistency.  The 
nature  of  the  froth  in  the  Callow  cell  is  governed  by  the  kind  of  oil  used 
and  by  the  amount  of  air.  A  pneumatic  froth  is  unstable  or  ephemeral, 
ue.,  it  dies  rapidly  when  removed  from  the  influence  of  the  injected  air. 
The  mechanical  froth,  on  the  other  hand,  is  thick  and  persistent,  and 
must  be  broken  up  in  dewatering  the  concentrates. 

OiU 

Oils  have  a  well-marked  selective  action  for  metallic  sulphides,  tel- 
lurides  and  some  other  minerals.  The  fact  that  both  the  oil  and  the  air 
or  other  gas  have  a  selective  adhesion  for  sulphides  prevents  them  from 
being  wetted  by  water.  Conversely,  the  quartz  and  other  minerals  ex- 
hibit just  the  opposite  characteristics.  The  gangue  minerals,  generally, 
do  not  exhibit  adhesion  for  either  gas  or  oil  and  hence  they  are  readily 
wetted  by  water.  Gases  have  a  well-defined  adhesiveness  for  oils;  hence 
the  air  or  gas  adheres  strongly  to  the  oil  film.  The  stability  of  a  froth 
depends,  in  the  main,  on  the  kind  of  oil  used,  e.g.,  pine  oil  makes  a  weak 
brittle  froth,  and  creosote  makes  a  stable  elastic  froth.  The  work  of 
Devaux^'  on  oil  films  explains  how  so  small  an  amount  of  oil  as  is  used 
in  the  various  flotation  processes  can  be  so  efficacious.  From  a  considera- 
tion of  the  inmiiscible  oil-water  interface,  if  any  oil  will  film  the  inter- 
nal surface  of  a  gas  bubble  the  sulphide  mineral  particles  would  be  con- 
tained in  the  oil-water  interface  no  matter  what  the  nature  of  the  gas 
contained  by  the  water  film.  The  sulphide  if  it  enters  the  oil  phase  would 
then  present  an  oiled  surface  to  the  water  phase.  There  are  three  con- 
ditions then:  (1)  The  mineral  enters  the  oil  phase  completely;  or  (2)  the 
mineral  enters  the  water  phase  completely;  or  (3)  the  mineral  enters  the 
oil-water  interface. 

Some  experiments  made  to  determine  the  nature  of  the  frothing  power, 
selective  and  collective  action  of  different  oils  show  some  interesting  re- 
sults. I  made  some  tests  on  a  zinciferous  slime  from  the  Joplin  area 
with  different  oils  and  the  results  obtained  indicate  that  a  definite  mix- 
ture of  oils  will  effect  better  recoveries  than  any  one  oil  alone.  The  best 
combination  consisted  of  pine  oil  as  a  frother,  plus  wood  creosote  as  a 
frother  and  selector,  plus  refined  tar  oil  as  a  froth  stiffener.  The  com- 
plete results  of  these  experiments  will  be  given  in  a  later  paper. 

In  general,  pine  oil  makes  a  brittle  froth  which  immediately  dies; 
creosotes  make  a  more  elastic  froth,  the  bubbles  of  which  may  expand 
to  3  in.  in  diameter  or  more  before  rupture.  Coal-tar  products  are  rather 
poor  frothing  agents  and  if  used  must  be  aided  by  either  creosote  or  pine 
oil  to  produce  a  good  froth.  Oils  of  a  lubricating  nature  seem  to  be  of 
little  value  as  flotation  oils,  while  such  light  oils  as  gasoline  and  naphtha 
Me  of  value  only  for  thinning  the  heavy  coal  and  wood  tars. 

"  Devaax:  Oil  Fikns  on  Water  and  on  Mercury,  SmUh$onian  Report  of  1913,  p.  261. 
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Air  and  Gas 

At  this  time,  there  are  three  ways  by  which  a  gas  may  be  forced  into 
a  solution  mechanically,  viz. : 

1.  By  beating  it  into  the  solution  by  means  of  beaters  or  paddles — as 
in  the  Minerals  Separation  and  similarly  mechanically  agitated  machines. 

2.  By  pneumatic  means — ^as  in  the  Callow  cell  where  the  air  is  divided 
by  the  porous  blanket  bottom  into  minute  sprays. 

3.  By  so-called  Uquid  jets — ^as  in  a  process  recently  patented  in  which 
the  air  is  introduced  as  a  surface  film  surroundinga  liquid  jet  by  surface 
tension. 

Conversely,  there  are  three  methods  by  which  dissolved  gas  may  be 
expelled  from  a  Uquid,  viz. : 

1.  When  the  liquid  is  supersaturated,  the  excess  gas  is  expelled. 

2.  By  heating  the  Uquid,  when  some  of  the  gas  is  expelled  due  to  an 
increase  in  its  volume. 

3.  By  pressure  reduction,  as  in  the  Elmore  vacuum  process,  where, 
according  to  the  law  of  Henry, ^*  "the  amount  of  gas  dissolved  by  a 
liquid  is  proportional  to  the  pressure  to  which  the  gas  is  subjected." 

An  air  or  gas  bubble  on  being  introduced  into  a  Uquid  is  at  once  sur- 
rounded by  a  film  of  the  Uquid.  Such  a  bubble  wiU  rise  to  the  surface 
(carrjring  the  metalUc  sulphides  by  reason  of  the  forces  already  men- 
tioned) on  account  of  gravitation,  by  which  is  understood  that  the  ad- 
herence of  the  air  to  the  liquid  is  less  than  the  force  of  gravity. 

R±8vut 

From  a  consideration  of  the  foregoing,  it  is  beUeved  that  the  theory 
based  on  the  different  interfacial  tensions  involved  is  the  dominating  one 
as  well  as  the  more  consistent  at  this  time.  Probably  flotation  is  due  to 
a  combination  of  phenomena  which  are  rather  high  in  the  scale  of  com- 
plexity. The  theory  based  solely  on  occlusion  goes  "by  the  board"  as 
it  has  been  shown  that  the  contributing  effect  of  this  phenomenon  has 
been  interpreted  rather  laxly.  ^^  The  phenomenon  of  electrostatics  may 
be  a  smaU  contributing  factor  but  recent  work  indicates  that  the  prin- 
ciples have  been  misappUed.  An  explanation  more  in  consonance  with 
fact  can  be  given  in  terms  of  the  interfacial  tensions  involved,  without 
postulating  either  occlusion  or  electrostatics. 

The  main  and  essential  requirements  for  froth  flotation  are :  (1)  The 
production  of  a  persistent  froth  by  any  means;  (2)  the  attachment  of  the 
bubbles  of  air  to  the  sulphides  or  other  material  to  be  floated;  and  (3) 

"  Jones:  EletnerUs  of  Physical  Chemistry,  p.  177,  1907, 

"  Ralston:  Why  Do  Minerals  Float?  Mining  and  Sdenlific  Press,  vol.  cxi,  No.  17, 
p.  623  (Oct.  23,  1916). 
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the  maintaiiiing  of  a  selective  action  of  the  froth  bubbles  for  the  sulphides 
or  other  material  to  be  floated. 

Why  this  is  accompUshed  is  outlined  in  the  above,  particularly  under 
the  subhead,  "Adsorption."  Probably,  before  any  generally  satisfactory 
estimate  of  the  many  complex  factors,  which  are  supposed  to  be  involved, 
can  be  secured,  a  more  thorough  investigation  of  all  of  them  will  have  to 
be  made  than  has  thus  far  been  attempted.  However,  in  this  line  of 
inquiry  there  has  been  a  steady,  progression  of  thought  and  a  remarkable 
increase  in  knowledge  in  the  past  few  years;  and  the  art  of  flotation  will 
continue  to  improve  and  develop  as  knowledge  of  the  diflfefent  factors 
involved  increases  and  allows  the  exercise  of.  a  better  control  of  them. 
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The  Diastrophic  Theory* 

A  Contribution  to  the  Study  of  the  Mechanics  of  Oil  and  Gas  Accumulation  in 

Commercial  Deposits 

BT  MARCEL  R.  DALT^f  SEATTLE|  WASHINGTON 
(Arisona  Meeting,  September,  1916.) 

The  writer  has  devoted  a  number  of  years  to  practical  operations  and 
to  the  study  of  geology  in  the  oil  fields.  In  consequence,  he  has  been 
brought  to  investigate  the  theories  advanced  to  account  for  the  accumula- 
tion of  oil  and  gas  in  commercial  deposits.  It  is  the  result  of  these  investi- 
gations and  his  personal  conclusions  that  he  wishes  to  sum  up  in  this 
paper. 

The  writer  is  an  advocate  of  the  organic  origin  of  petroleum  foimd  in 
pools.  He  has  been  led  to  believe  that  the  present  theories  of  oil  and 
gas  accumulations  are  incomplete  and,  in  certain  respects,  incorrect, 
although  they  may  embody  certain  elements  of  truth;  that  the  forces 
that  are  called  upon  to  explain  the  movement  are  only  secondary  forces  in 
the  process,  and  insuffiqient,  by  themselves,  to  cause  this  movement;  and 
that  the  phenomenon  of  accumulation  is  of  much  larger  order  than  hereto- 
fore admitted  and  bears  an  intimate  relation  with  the  general  as  well  as 
with  the  local  deformations  of  the  crust  and  is  a  direct  consequence  and 
a  mechanical  effect  of  these  deformations  to  which  the  term  "  diastrophic  " 
has  been  appUed.  As  a  complement  to  this  theory,  the  writer  offers  a 
new  interpretation  of  the  "rock  pressure"  and  of  the  mechanism  of  the 
"sealing  up"  of  this  pressure  in  oil  and  gas  pools. 

The  Anticlinal  Theory 

The  theory  most  generally  accepted  to  account  for  the  accumulation 
of  hydrocarbons  in  commercial  deposits  is  the  anticlinal  or  structural 
theory.  This  theory,  the  principles  of  which  have  been  laid  down  by  I.  C. 
White,  Orton,  Winchell  and  others,  and  which  hsw  since  been  modified 
and  perfected,  is  too  well  known  to  need  a  detailed  statement.  A  clear 
interpretation  of  it  may  be  found,  in  the  paper  of  W.  T.  Griswold,  in 
Bulletin  No.  318  of  the  United  States  Geological  Survey j  and  the  reader  is 

*  Originally  presented  at  a  meeting  of  the  Puget  Sound  Section  on  Jan.  29, 1916. 
t  Civil  and  Mining  Engineer. 
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referred  to  it.  In  this  theory,  the  force  which  is  supposed  to  have  caiised 
the  motion  is  the  gravity  of  the  hydrocarbons;  and  the  principal /actors 
which  have  intervened  in  the  process  are  the  structure  and  the  general 
stratigraphic  conditions  of  the  rocks,  their  texture  and  porosity,  and 
their  water  content.  The  oil  and  the  gas  are  supposed  to  enter  the  porous 
rock  that  is  to  act  as  a  reservoir,  by  some  indefinite  process.  Any  further 
movement  toward  accumulation  is  only  considered  as  possible  if  a  dip 
exists  in  this  rock  sufficient  to  overcome  the  friction,  and  practically 
impervious  areas  of  the  rock  will  be  more  or  less  perfect  barriers  against 
the  movement.  Then,  if  this  rock  is  completely  saturated  with  water,  or 
if  the  hydrocarbons  have  entered  it  below  the  line  of  complete  saturation, 
the  oil  and  the  gas  will  gradually  move  up  the  slope  by  the  effect  of  buoy- 
ancy; the  gas,  with  its  lower  specific  gravity,  occupying  the  higher  places. 
Should  the  rock  be  dry,  or  if  the  hydrocarbons  have  entered  the  rock 
above  the  line  of  saturation,  the  oil  will  flow  down,  as  long  as  gravity  is 
sufficient  to  overcome  the  resistance  to  motion,  and  the  gas  will  diffuse 
with  the  air  or  water  vapor  contained  in  the  pores  of  the  rock. 

From  this  statement  it  will  appear  that  the  following  assumptions  are 
an  absolute  requisite  for  the  anticlinal  theory: 

First,  the  structural  deformations  (dips,  anticlines  and  synclines, 
domes,  terraces,  etc.)  must  be  supposed  to  have  existed  previous  to  the 
introduction  of  the  hydrocarbons  in  the  porous  strata;  in  other  words,  it 
must  be  assumed  that  structural  deformation  has  preceded  the  movement 
toward  accumulation.  Indeed,  in  this  theory,  the  preexistence  of  struc- 
tural deformation  is  the  very  basis  of  the  action  of  gravity  and,  at  the 
same  time,  the  theory  implies  that  the  forces  which  have  caused  the 
deformations  have  had  no  bearing  on  the  movement  of  the  hydrocarbons. 

Second,  gravity  or  buoyancy  is  to  be  considered  the  sole  agency 
through  which  accmnulation  has  been  brought  about  and,  as  such,  is 
supposed  to  be  adequate  to  explain  accumulation  under  any  condition  of  dip. 

To  which  the  following  considerations  may  be  added:  The  movement 
toward  accmnulation  would  have  to  take  place  in  the  porous  rocks  when 
they  are  already  solidified  and  partially  cemented.  There  would  be  no 
connection  between  the  causes  which  have  led :  To  the  introduction  of  the 
oil  in  the  porous  strata;  to  the  movement  of  the  fluids  in  these  same 
strata;  and  to  the  "rock  pressure"  itself.  Further,  this  theory  does  not 
provide  for  any  satisfactory  explanation  as  to  the  mechanism  of  the 
''sealing  up"  of  the  pressure  in  the  pools. 

The  first  assumption  is  begging  the  question.  To  the  best  knowl- 
edge of  the  writer,  no  attempt  has  been  made  by  the  authors  of  the 
theory  even  to  discuss  the  point  or  to  prove  the  accuracy  of  the  inference. 
It  seems  as  if,  from  the  start,  it  was  admitted  as  self-evident  that  the 
gravity  of  the  fluids  was  the  only  possible  force  entering  into  action. 
The  writer  will  try  to  show  later  on  why,  in  his  opinion,  this  assimiption 
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falls  short  of  truth  and  how  its  admittance  may  be  explained  by  the  fact 
that  the  problem  has  not  been  attacked  from  its  true  angle.  On  this 
first  pointy  to  say  the  leasts  the  anticlinal  theory  is  not  established  on 
proven  ground. 

The  second  assmnption  may  be  seriously  contested.  The  force  of 
motion  due  to  buoyancy  is  a  fimction  of  the  sine  of  the  dip.  It  would  be 
maximum  for  a  vertical  strattun  and  null  for  a  horizontal  one.  Many 
anticlines  in  the  Eastern  fields  of  the  United  States  have  a  dip  so  low  that  a 
motion  caused  by  buoyancy  alone  could  hardly  be  understood.  Dr. 
Ashburner  has  found  a  maximum  dip  in  the  Bradford  region  of  69  ft.  per 
mile,  or  less  than  1  ft.  for  76  ft.,  while  Carll  has  shown  that  the  dip  of  the 
oQ  sands  in  the  Venango  belt,  and  the  southern  end  of  the  Butler  belt, 
rarely  exceeds  34  ft.  per  mile  (Sir  Bowerton  Redwood),  or  less  than  1  ft. 
for  155  ft.  In  West  Virginia,  the  maximum  dip  of  many  anticlines  is  less 
than  1  ft.  for  50  ft.,  which  corresponds  to  an  angle  of  about  1®  8'  45". 
For  this  last  dip,  the  force  due  to  buoyancy, 
which  is  supposed  to  move  the  oil  up  the 
slope,  would  be  reduced  to  0.0066  of  the 
weight  of  the  oil,  as  pointed  out  by 
Malcolm  J.  Munn,  of  the  U.  S.  Geological 
Survey.     A  volume  of  1  c.c.  of  oil  would  ,  ^°'    ' 

thus  be  submitted  to  a  moving  force  of  a  few  milligrams.  The  oil  could 
be  set  in  motion  only  if  this  force  were  greater  than  the  resistance  due  to 
static  friction,  viscosity  and  surface  tension.  It  is  not  possible,  with  the 
data  now  at  hand,  to  submit  the  question  to  a  complete  mathematical 
treatment.  As  Van  Hise  points  out,*  "the  pore  openings  in  sandstones 
ate  for  the  most  part  capillary",  and  the  flow  of  oil  through  the  rock 
would  have  to  obey  the  laws  of  flow  through  capillary  tubes,  which  are 
not  yet  satisfactorily  expressed.  Further,  the  pore  openings  would  be 
extremely  irregular  in  shape  and  dimensions.  But  it  is  possible  to  reduce 
the  problem  to  a  simpler  form.  If,  barring  viscosity  and  surface  ten- 
sion, we  would  only  consider  the  resistance  due  to  static  friction,  we 
would  obtain  an  inferior  limit  to  the  resistance.  And  if  it  were  possible 
to  show  that  the.  force  of  motion  due  to  buoyancy  is  insufficient  to  over- 
come such  a  frictional  resistance,  in  the  case  under  consideration,  it 
would  be  proof  that  the  anticlinal  theory  can  not  be  accepted,  at  least 
tn  its  present  form,  and  that  other  forces  besides  buoyancy  are  to  be 
considered  in  order  to  explain  the  motion. 

Let  us  imagine  a  globule  of  oil  appressed  against  the  roof  of  the  sand- 
stone stratum  by  the  effect  of  buoyancy  (Fig.  1).  Let  F  be  the  force  of 
buoyancy.  This  force  may  be  decomposed  into  two  components:  F' 
parallel  to  the  dip,  which  would  cause  the  globule  to  slide  along  the  roof, 
and  F"  normal  to  the  roof,  which  would  appress  the  drop  of  oil  against  it. 

'  A  Treatise  on  Metamorphismi  M(niograph  47,  U.  S.  Geological  Survey,  p.  138  (1904). 
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The  eflFect  of  this  pressure  is  to  create  a  resistance  to  the  sliding,  which  is 
proportional  to  the  pressure  and  directed  down  dip.  This  proportion, 
which  remains  constant  when  the  nature  of  the  surface  remains  the  same, 
is  the  friction  coefficient.    Let  it  be  c.    The  movement  will  become  pos- 

sible  only  if  c  <  p^,  or  c  <  tang  a,  a  being  the  angle  of  the  dip.     If  the 

dip  is  1  ft.  to  50  ft.,  the  tangent  is  about  0.02  and  the  condition  reads 
c  <  0.02. 

There  are  no  data  available  for  the  friction  coefficient  of  oil  and  sand- 
stone under  the  conditions  stated.  But  one  may  get  an  idea  of  the  order 
of  magnitude  of  this  coefficient  by  a  simple  experiment.  Let  us  take  a 
slab  of  some  oil-bearing  sandstone,  some  Berea  grit,  for  instance.  The 
lower  surface  of  this  slab  must  be  planed,  but  not  ground,  so  that  the 
grains  of  sand  remain  entire.  Let  us  immerse  the  slab  in  some  salt  water 
of  proper  density,  in  a  horizontal  position,  and  loosen  a  drop  of  oil  from  a 
syringe  in  the  water,  under  the  slab.  The  drop  will  rise  to  the  bottom  of 
it,  and  here  it  will  remain  if  the  slab  is  perfectly  horizontal.  Let  us  then 
incline  the  slab  progressively  and  note  the  smallest  angle  of  dip  at  which 
the  drop  will  be  set  in  motion.  The  tangent  of  this  angle  will  be  equal 
to  the  coefficient  of  static  friction. 

The  writer  has  made  this  experiment  repeatedly  and  has  never  suc- 
ceeded in  getting  the  drop  in  motion  for  any  such  angle  as  2^,  which 
would  tend  to  prove  that  the  coefficient  is  superior  to  the  maximum  limit 
required. 

It  is  further  to  be  noted  that  the  spherical  form  is  the  general  form  of 
oil  drops  in  an  emulsion,  where  the  particles  of  oil  are,  in  great  majority, 
very  small;  it  is  also  the  form  which,  every  other  thing  being  equal, 
offers  the  least  resistance  to  motion.  Hence,  if  the  motion  is  shown  to  be 
impossible  under  this  form,  it  will  be  equally  impossible  under  any  other 
form,  and  the  whole  theory  falls  through. 

The  change  from  a  spherical  form  to  an  irregular  one,  by  the  flattening 
of  the  drops  when  compressed  against  the  walls  or  when  passing  through 
irregular  and  narrow  channels,  the  indentations,  the  penetration  of  the 
oil  between  the  grains,  the  effect  of  viscosity,  the  capillary  action — 
especially  if  gases  be  held  in  the  emulsion — ^would  be  as  many  causes 
furthering  an  increased  resistance  to  motion. 

Now,  the  fact  that  the  movement  toward  accumulation  is  not  possible 
under  the  sole  influence  of  gravity,  with  the  low  dips  so  characteristic  of 
many  oil  regions,  does  not  mean  that  gravity  has  had  no  influence  in  the 
process.  It  simply  means  that  this  force  alone  would  be  inadequate  to 
explain  the  motion  and  that  some  other  force  or  forces  must  have  entered 
into  play.  But  though  gravity  of  hydrocarbons  may  not  be  a  primary 
agent  of  their  accumulation,  it  is  a  force  which  must  be  taken  into  account 
in  any  general  theory  of  the  process. 
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The  Hydraulic  Theory 

In  opposition  to  the  anticlinal  theory  of  oil  and  gas  accumulation 
through  gravity,  Malcolm  J.  Munn  has  propounded*  another  theory  in 
which  the  moving  force  would  be  the  hydraulic  (not  hydrostatic)  pres- 
sure and  capillarity  of  underground  waters.  This  is  termed  the  hydrate 
lie  theory. 

"The  fundamental  idea  of  the  hydraulic  theory,"  writes  Mr.  Mimn, 
"is  that  moving  water  under  either  hydraulic  or  capillary  pressure  has 
been  the  direct  agent  of  accumulation  of  oil  and  gas  pools.  To  this  idea 
may  be  added  another  of  equal  value — ^the  pools  of  oil  and  gas  are  held  in 
place  by  water  under  hydraulic  and  capillary  pressure  which  eflFectively 
seals  up  all  the  pores  of  the  surrounding  rock  and  prevents  the  dissipation 
of  pressure  by  diffusion."  This  theory  is  very  interesting  and,  as  will  be 
seen  later  on,  the  writer  agrees  with  Mr.  Munn  on  two  points,  viz.,  that 
water  under  hydraulic  pressure  has  reaUy  been  the  primary  agent  of 
motion,  and  that  the  ''sealing  up"  of  the  pools  is  a  phenomenon  of 
surface  tension.  But,  as  far  as  the  writer  can  see,  Mr.  Mimn  has  reduced 
the  hydraulic  presstire  to  that  of  imderground  waters  circulating  in 
the  same  way  as  they  do  now,  and  his  statement  relating  to  "hydraulic 
and  capillary  pressure"  is  rather  undetermined. 

"Capillary  pressure"  is  a  somewhat  misleading  term.  If  by  this  is 
meant  the  general  action  of  forces  due  to  surface  tension,  it  is  well  to 
note  that  surface  tension  may  create  a  resistance  against  the  flow  as  well 
as  a  tendency  toward  it,  as  Mr.  Munn  himself  seems  to  acknowledge 
when  he  comes  to  the  "sealing  up"  of  the  pools.  If  it  simply  means  the 
process  of  infiltration,  the  creeping  of  a  liquid  through  capillary  channels, 
this  process  has  its  limitations  and  would  seem  to  be  a  process  of  dissemi- 
nation rather  than  of  concentration.  On  the  other  hand,  hydraulic 
pressure  of  undergroimd  waters  may  be  inadequate.  Hydraulic  pressure 
is  a  function  of  the  square  of  velocity,  and  the  velocity  of  underground 
waters  is  known  to  be  extremely  small.  "  The  motion  of  the  ground  water 
as  a  whole,"  writes  C.  S.  Slichter,*  "is  somewhat  Uke  the  slow  motion  of 
very  viscous  sirup  or  the  slowly  creeping  ice  of  a  glacier."  It  has  been  a 
shown,  for  instance,  that  the  ground  waters  of  the  Arkansas  River 
flow  in  gravels  at  a  rate  not  greater  than  3  to  5  m.  a  day.  This  would 
mean  a  velocity  between  0.00361  and  0.0058  cm.  per  second,  or  less 
than  from  13  to  21  cm.  per  hour.  It  is  possible  to  show  that,  should  the 
static  coefficient  of  friction  between  oil  and  sandstone  be  greater  than 
0.02,  as  heretofore  admitted,  a  velocity  of  0.006  cm.-sec.  would  not  over- 
come the  frictional  resistance  of  oil  in  an  inclosed  pipe,  on  a  horizontal 

^  Economic  Geology f  vol.  4,  No.  6,  p.  523  (Septembei^October,  1909). 
*  The  Motions  of  Underground  Waters.     Water  Supply.  Paper,  No.  67,  U.  S.  Geolog- 
waZ  Survey,  p.  35. 
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plane,  barring  the  additional  resistances  due  to  viscosity,  surface  tension, 
deformation,  etc.,  which  would  interfere  in  this  case.  Though  the  anal- 
ogy may  not  be  entirely  correct,  it  has  a  tendency  to  show  that  the  influ- 
ence of  hydraulic  pressure  of  underground  waters  is  here  doubtful  and  at 
least  remote  in  importance.  There  will  be  always  a  great  difference 
between  the  transportation  of  a  material  in  the  state  of  solution,  which 
may  be  followed  by  subsequent  re-deposition,  and  the  transportation  of 
insoluble  solid  material,  as  oil  in  water.  Further  the  theory  is  open  to  the 
same  general  line  of  objections  as  the  anticlinal  theory,  and  more  so,  as 
structural  deformation,  which  is  so  intimately  connected  with  the  phe- 
nomenon of  accumulation,  becomes  here  entirely  subordinate  and 
incidental. 

The  DiaMrophic  Theory 

The  fundamental  weakness  of  the  theories  which  we  have  reviewed 
may  perhaps  be  traced  to  the  hesitation  of  the  authors  of  these  theories  to 
choose  deliberately  between  the  different  conceptions  of  the  origin  of  oil 
itself.  This  origin  once  ascertained,  it  is  evident  that  the  surest  way  to 
determine  how  oil  and  gas  may  have  accumulated  in  certain  places,  would 
be  to  try  to  follow  the  possible  movements  of  the  oil  from  the  time  of  its 
first  appearance  in  the  strata,  down  to  the  pools  where  we  find  oil  today. 
In  order  to  be  rational,  a  history  ought  to  be  complete;  and  we  have  no 
more  right  to  limit  the  history  of  petroleimi  to  the  space  of  time  during 
which  the  strata,  in  which  we  find  it  now,  may  have  existed  in  the  same 
present  shape  and  condition,  than  we  would  have  the  right  to  reduce  the 
story  of  a  man  to  the  last  years  of  his  life.  It  is  further  obvious  that  the 
history  of  petroleum  will  have  to  be  entirely  different,  dependent  upon  its 
origin,  either  from  emanations  coming  from  the  depths,  or  from  organic 
decomposition  in  the  strata  themselves.  In  the  writer's  opinion,  many 
re^Bons  favor  the  theory  of  organic  origin  for  the  petroleum  found  in 
commercial  deposits,  though  this  does  not  mean  that  petroleum  of  a 
different  origin  does  not  exist  elsewhere.  Hence,  this  is  a  point  on  which 
we  have  first  to  agree,  or  else  agree  to  disagree.  Should  the  organic 
origin  of  the  petroleum  that  is  found  in  pools  be  granted,  the  following 
interpretation  is  offered  for  the  mechanics  of  its  accumulation. 

Oil  developed  by  the  process  of  decomposition  of  organic  matter — whe- 
ther vegetal,  animal  or  both — would  have  first  to  exist  in  the  sediments 
which  contain  the  parent  matter,  in  the  state  of  dissemination.  As  Orton 
remarks,  "disseminated  petroleum  is  well  nigh  universal,  but  accumula- 
tions are  rare." 

In  order  that  such  an  accumulation  of  disseminated  particles  may  take 
place,  three  elements  are  necessary:  An  adequate  source  of  supply;  a 
reservoir  to  hold  the  oil  and  accompanying  gas  under  pressure,  and  a 
process  of  concentrating  the  disseminated  material  and  conveying  it  to 
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the  reservoir.  The  source  of  supply  will  have  to  be  ascertained  in  every 
individual  case.  It  is  supposed  here  to  exist,  for  the  sake  of  argiunent. 
The  reservoir  is  easy  to  imagine,  inasmuch  as  we  are  able  to  corroborate 
our  theoretical  views  by  actual  knowledge.  A  porous  stratum  overlaid 
by  an  impervious  one,  may  act  as  a  reservoir.  This  is  the  general  case. 
Or  the  reservoir  may  be  constituted  by  a  porous  stratum  highly  incUhed 
and  cut  off  abruptly  below  ground  by  a  fault,  which  thus  seals  the  oil  and 
gas  and  prevents  their  escape.  This  kind  is  found  in  some  Californian 
fields  and  elsewhere.  Or  the  reservoir  may  be  constituted  by  joint 
cracks  in  a  shale,  as  is  the  case  in  the  Florence  oil  field,  Colorado,^  etc. 

The  interpretation  of  the  process  of  concentration  and  eventual 
migration,  i.e.,  of  accumulation,  is  more  complicated.  As  a  natural 
process,  it  must  obey  physical  laws,  and  especially  the  laws  which  govern 
the  motion  of  fluids  and  gases;  but  the  forces  which  may  cause  the  motion 
(gravity  in  its  different  forms,  heat,  surface  tension),  the  agents  through 
which  these  forces  accomplish  certain  results  (water,  oil  and  gas  in  vary- 
ing physical  or  chemical  states),  and  the  factors  that  intervene  in  the  proc- 
ess (structure  and  texture  of  the  rocks,  porosity,  stratigraphic  condi- 
tions, water  and  gaseous  contents,  viscosity,  capillarity,  depth  and  time) 
may  have  or  have  had  a  widely  varying  range  of  influence,  according  to 
past  and  present  conditions.  These  elements  would  have  to  be  seriated, 
according  to  their  probable  rank  of  importance,  and  their  relative  degree 
of  influence  determined,  before  a  tentative  conclusion  could  be  reached. 
It  thus  becomes  evident  that  if  some  broad  general  principle  may  be  laid 
down,  a  great  number  of  variations  are  to  ha  expected  for  each  individual 
case. 

A  few  general  observations  may  help  us  from  the  start.  According 
to  the  organic  theory,  which  is  accepted  here,  the  ultimate  source  of  the 
hydrocarbons  is  to  be  found  in  sedimentary  organic  deposits,  and  oil 
accimiidations  in  commercial  quantities  (oil  pools)  are  always  associated 
with  sedimentary  strata.  The  immediate  inference  is  that  hydrocarbons 
must  have  been  submitted,  from  the  date  of  their  origin,  to  the  action  of 
the  forces  that  may  have  affected  these  same  strata. 

If  we  refer  to  a  map  of  the  known  oil  fields  of  the  globe,  we  will 
notice,  with  Sir  Bowerton  Redwood,  that  **  whilst  petroleum  exists  very 
generally  distributed  throughout  the  world,  the  principal  deposits  occur 
along  well-defined  Unes,  often  associated  with  the  principal  mountain 
chains.''  This  remark  is  important  and  deserves  to  be  emphasized.  It 
means  that  petroleum  deposits  are  mainly  associated  with  the  lines  of 
lesser  resistance  of  the  globe,  with  the  general  direction  of  geosynclines 
and  consequently  with  the  areas  of  general  orographic  movement  and 
deformation.  The  distribution  of  the  Eastern  oil  fields  of  the  United 
States  and  Canada  along  the  Paleozoic  trough,  or  geosyncline,  of  the 

*  C.  W.  Washburn.     BuUeiin  No,  381,  U.  S.  Geological  Survey. 
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Appalachian  region,  the  location  of  the  Western  oil  fields  of  the  Pacific 
coast,  from  Alaska  to  California,  followed  by  the  Mexican  oil  fields,  the 
deposits  of  the  West  Indies,  of  the  northern  coast  of  Venezuela,  Columbia 
and  a  part  of  the  Andes,  along  the  general  trend  of  a  Mesozoic  syncline; 
the  oil  fields  of  Galicia,  Roumania,  of  the  Caucasus,  of  Burma,  of  the 
Islands  of  Java,  Sumatra,  Borneo  and  New  Zealand,  following  the  path  of 
another  syncline,  are  extremely  suggestive. 

This  first  observation  may  be  completed  by  a  second.  An  oil  field  is 
always  accompanied  by  a  certain  amount  of  local  structural  deforma- 
tion, which  sometimes  is  reduced  to  simple  undulations,  as  is  the  case  of 
the  Appalachian  region,  or  may  reach  a  stage  of  high  disturbance,  with 
contorted  strata,  as  is  the  case  of  the  GaUcian  oil  fields.  But  local 
deformation  has  been  observed  everywhere.  It  becomes  thus  difficult 
to  escape  the  impression  that  structural  deformation,  general  as  well  as 
local,  is  more  or  less  connected  with  the  phenomenon  of  accumulation, 
and  our  inquiry  is  thus  directed  toward  the  possible  action  of  the  forces 
which  have  produced  these  deformations  in  the  sediments  from  which 
hydrocarbons  have  proceeded  and  their  possible  action  on  the  hydro- 
carbons themselves. 

As  stated  before,  oil  would  have  first  to  exist  in  the  stratum  where 
organic  decomposition  takes  place,  in  the  shape  of  a  finely  disseminated 
matter.  The  sediments  themselves  would  have  to  be  deposited  under 
water,  in  lagoons,  marshes,  deltas  or  at  the  bottom  of  the  seas,  in  the 
form  of  mud  or  ooze.  Such  a  mud  would  be  composed  of  extremely  fine 
mineral  particles,  intermingled  with  water  in  large  amount.  The  parti- 
cles of  oil  would  take  the  form  of  spherical  globules  under  the  influence  of 
surface  tension,  and,  as  these  globules  would  be  larger  than  the  mineral 
particles  of  mud,  they  would  be  mechanically  held  in  the  mixture. 
Experiments  conducted  by  Murray  Stuart,  Assistant  Superintendent  of 
the  Geological  Survey  of  India  and  others,  have  clearly  established  this 
capacity  of  muds  to  hold  oil  in  sediments  by  purely  mechanical  action.* 

The  preceding  condition  may  be  termed  the  first  phase  of  the  process. 
It  is  characterized  by  a  layer  of  mud  or  ooze,  holding  mechanically, 
between  its  very  fine  mineral  particles,  disseminated  drops  of  oil  and  gas 
bubbles,  in  a  ''matrix  of  water,"  as  Murray  Stuart  expresses  it. 

When  the  conditions  of  sedimentation  which  allowed  the  deposition  of 
the  mud  have  changed,  some  other  material  may  be  deposited  over  this 
first  layer;  say  some  sand.  Then,  another  change  in  sedimentary  con- 
ditions will  occur,  and  a  new  layer  of  material  will  cover  the  sand;  suppose 
another  layer  of  mud;  and  so  on,  successive  layers  of  various  sediments 
will  be  piled  up  in  the  sedimentary  syncline. 

Now,  the  progressive  increase  of  weight  due  to  this  accumulation  of 

»  Records  of  the  Geological  Survey  of  India^  vol.  40,  Pt.  4,  pp.  320-333  (November, 
1910),  and  Economic  Geology,  vol.  7,  No.  1,  p.  91  (January,  1912). 
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successive  layers  will  cause  a  progressive  compression  to  take  place.  The 
effect  of  compression  on  a  mass  of  practically  incompressible  mineral 
particles  imbedded  in  water  is  to  draw  these  particles  closer  together,  to 
reduce  the  space  available  between  them,  and  to  squeeze  out  more  or  less 
of  the  liquid  contents.  The  limit  of  compression  is  reached  when  the 
particles  come  in  contact.  For  this  reason,  the  result  would  be  somewhat 
different,  according  to  the  size  of  the  component  particles  of  the  layers. 
Mud  or  ooze  particles  are  exceedingly  small.  When,  in  the  syncline,  the 
lower  layer  of  mud  would  be  compressed,  the  resulting  texture  would  be 
close,  and  the  tendency  would  be  for  the  fluids  to  be  squeezed  out  to  a 
great  extent;  whereas  the  grains  of  a  layer  of  sand  are  much  larger  than 
the  particles  of  clay,  and  such  a  layer  may  become  incompressible  when  it 
still  contains  a  great  percentage  of  holes.  It  may  thus  act  as  a  reservoir 
for  liquids  even  under  considerable  pressure.  The  overlying  sand  stratum 
would  then  remain  porous  to  a  large  extent,  and  the  liquids,  escaping 
from  the  underlying  mud,  would  rise  and  become  confined  in  it.  This 
may  be  termed  the  second  phase  of  the  process,  and  is  characterized  by  the 
progressive  transfer  of  a  large  part  of  the  oil  and  gas  from  the  clayey  layer 
in  which  they  have  originated  to  the  overlying  porous  stratum  in  which 
they  still  remain  distributed  in  a  finely  disseminated  state.  At  this  stage, 
the  porous  rock  may  be  supposed  to  be  saturated  with  an  emulsion  of  oil 
and  gas  in  water. 

Finally,  in  the  course  of  time,  sedimentation  is  stopped  in  the  syncline 
of  deposition,  and  orogenic  movement  begins.  Whatever  may  be  the 
cause  of  this  movement,  it  is  a  tendency  toward  a  new  adjustment  which 
evinces  itself  by  a  lateral  thrust.  In  the  simpler  form,  one  rim  of  the  syn- 
cline remains  immovable,  and  acts  as  a  resistance,  and  the  other  rim  is 
brought  nearer  to  the  first  one  by  a  movement  tangential  to  the  crust, 
which  squeezes  the  syncUne  as  between  the  jaws  of  a  vise.  The  strata 
are  bent  and  lifted  above  the  level  of  the  waters. 

It  is  possible  to  get  an  idea  of  the  order  of  magnitude  of  the  thrust 
and  to  compare  it  with  the  forces  due  to  buoyancy  and  hydraulic  pressure 
invoked  in  the  preceding  theories,  and  which  we  have  found  to  be  insuflS- 
cient  to  explain  the  migration  of  the  oil.  For  this,  we  have  to  consider 
that  this  new  force  exceeds  the  resistance  to  crushing  offered  by  the  most 
resistant  sedimentary  rocks.  This  crushing  strength  becomes  thus  an 
inferior  limit  to  the  force.  Limestone,  for  instance,  may  be  crushed  under 
a  pressure  of  between  400  to  1,200  kg.  per  square  centimeter;  so  the 
thrust  is  to  be  measured  at  least  in  hundred  kilograms  to  the  square 
centimeter.  We  have  already  seen  that  the  force  of  buoyancy,  by  which 
a  cubic  centimeter  of  oil  is  supposed  to  be  lifted  along  a  dip  in  the  anti- 
clinal theory,  is  to  be  measured  in  fractions  of  a  gram  (in  milligrams  for 
a  dip  of  1  ft.  for  50  ft.),  and  hydraulic  pressure  due  to  underground  waters, 
with  the  velocity  admitted,  would  be  still  less  important.    The  magnitude 
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of  the  force  we  are  considering  now — ^the  tangential  thrust — ^is  then  at 
least  one  million  times  greater  per  unit  surface  than  the  two  other  forces 
previously  considered.  Further,  this  force  has  left  its  imprint  in  all 
sedimentary  strata,  not  only  by  the  flexure  of  the  strata  or  their  relative 
displacement,  but  frequently  by  dynamo-metamorphic  actions  which  it 
has  brought  about.  These  actions  have  taken  place  between  the  time 
the  strata  were  lying  at  the  bottom  of  the  waters  and  the  time  they  have 
acquired  their  present  situation.     If  then,  any  oil  was  ever  existing  at  the 


Fig.  2. 

time  of  the  deposition  of  the  strata  and  has  remained  in  some  stratum 
since,  it  must  equally  have  been  subjected  to  the  action  of  the  thrust. 
The  third  phase  of  the  process  begins  with  this  action  of  the  thrust.  But 
this  needs  a  more  complete  analysis  of  facts. 

When  a  square  prism  of  a  solid  material,  such  as  a  piece  of  wood  or  an 
iron  bar  (Fig.  2),  disposed  horizontally  on  a  support  in  order  to  avoid  the 
action  of  gravity,  and  propped  against  a  resistance  R  at  one  end,  is  com- 


FiG.  3. 

pressed  at  the  other  end  by  a  force  P,  in  the  direction  of  its  axis,  the  com- 
pression is  instantaneously  transmitted  to  the  resistance,  from  end  to 
end.  Then,  if  the  pressure  is  sufficiently  increased,  the  prism  will  bend 
(Fig.  3).  This  flexion  will  extend  the  fibers  on  the  convex  side  and 
contract  them  on  the  concave  one,  and  there  will  be  an  intermediate 
layer  which  will  be  neither  contracted  nor  extended  by  the  flexion.     This 

COKTlACn  ON 


Fig.  4. 

is  the  neutral  plane  (Fig.  4).  Superimposed  to  this  first  effect,  there  will 
be  a  general  contraction  along  the  axis,  which  will  affect  the  whole  prism. 
If,  instead  of  a  prism  of  solid  material,  we  operate  on  a  prism  made  of 
some  homogeneous  plastic  material,  like  moist  clay,  the  result  would  not  be 
exactly  the  same.  The  compression  at  one  end  would  not  be  immediately 
transmitted  at  the  other  end,  but  only  progressively,  in  proportion  as  the 
inertia  of  the  successive  sections  of  the  prism  and  the  friction  against  the 
supporting  stand  would  be  overcome,  the  one  after  the  other.     And  defor- 
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mation  would  begin  at  the  end  where  the  thrust  P  is  applied,  even  before 
any  compression  would  become  noticeable  at  the  other  end,  if  the  prism 
were  long  enough. 

Let  us  now  imagine  a  prism  composed  of  a  series  of  parallel,  super- 
posed, horizontal  and  homogeneous  layers,  individually  uniform  in  thick- 
ness, but  variable  in  composition  and  resistance,  such  as  clayey,  sandy 
and  calcareous  layers  would  be.  Suppose  such  a  prism  submitted  to  a 
uniformly  distributed  load,  representing  the  load  of  superincmnbent 
strata;  the  friction  against  the  stand  reduced  by  the  interposition  of  a 
soft  base,  and  proper  precautions  taken  to  avoid  lateral  deformation. 
And  let  us  subject  this  prism  to  the  same  process  of  compression.  Here 
again  the  compression  would  be  transmitted  progressively  from  the  point 
of  applied  pressiu'e  to  the  point  of  applied  resistance,  and  deformation 
would  begin  at  the  extremity  nearer  to  the  thrust.  This  deformation 
may  vary,  according  to  the  relative  thickness  and  disposition  of  the 
"competent"  and  "incompetent"  strata,  as  they  have  been  termed,  but 
would  generally  take  the  form  of  a  local  bend,  some  sort  of  anticline, 
which  may  be  overthrown  in  the  direction  of  the  resistance.     If  now 


Fig.  6. 

the  pr^ssmre  should  be  continued)  waves  would  rise  in  succession,  from 
right  to  left,  decreasing  in  height,  the  farther  they  reach  toward  the 
resistance,  and  the  flexed  prism  would  finally  take  the  general  appear- 
ance of  Fig.  5.  The  mechanical  result  would  be:  (1)  A  general  compres- 
sion of  the  prism,  which  would  decrease  from  P  to  fl,  where  it  might 
disappear,  and  (2)  deformations  by  bending,  with  appressed  folds  toward 
P  and  lower  anticlines  toward  R]  the  folds  being  generally  overthrown 
in  the  direction  of  the  resistance  R, 

Now,  we  have  already  seen  that  when  a  material  is  compressible, 
compression  will  tend  to  draw  nearer  to  each  other  the  solid  particles  of 
which  the  material  is  composed.  Compression  would  thus  tend  to  a 
reduction  of  volume  and  to  a  reduction  of  porosity,  or  capacity  for  liquids. 
The  first  mechanical  effect  of  our  experiment,  then,  tends  to  reduce  the 
capacity  for  Uquids  of  the  material  at  a  decreasing  rate  from  P  to  ft, 
from  the  point  of  applied  pressure  to  the  point  of  applied  resistance. 

To  this  would  be  superimposed  the  mechanical  effect  due  to  flexure. 
Anticlines  would  be  extended  on  their  convex  side  and  synclines  com- 
pressed on  their  concave  side.  If,  then,  the  thickness  of  the  prism  is 
sufficient,  and  if  we  consider  only  its  upper  portion,  above  the  neutral 
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plane,  the  general  effect  would  be  as  follows:  A  general  decrease  of  com- 
pression and  a  general  increase  of  capacity  for  liquids  from  P  to  J2, 
superimposed  on  a  wavy  succession  of  local  increases  and  decreases  of 
capacity.  This  would  create  a  succession  of  zones  of  increasing  capacity 
from  right  to  left  (from  P  to  fl),  individually  elongated  in  a  transverse 
direction  to  the  prism,  or  in  a  parallel  direction  to  the  folds.  If  then  the 
porous  strata  were  saturated  with  a  liquid,  the  tendency  would  be  for  the 
Uquid  to  move  from  the  more  compressed  parts  to  the  less  compressed  or 
decompressed  ones.  This  movement  would  take  place  along  the  Unes  of 
lesser  resistance;  viz.,  (o)  from  the  clayey  layers  to  the  sand  strata, 
which  would  complete  the  concentration  of  the  oil  emulsion,  already 
begun  by  the  effect  of  vertical  compression,  into  the  sandy  layers,  and 
(b).  along  the  sand  strata  themselves.  Pools  would  be  constituted  parallel 
to  the  flexures,  which  would  become  more  important  the  nearer  they 
approached  the  resistance,  or  increasing  from  right  to  left. 

Further,  compression  and  consequent  migration  of  the  emulsion 
through  the  sand  would  have  a  tendency  to  allow  oil  drops  and  gas  bub- 
bles to  coalesce.  Temperature  may  play  a  part  in  the  phenomenon,  as 
pressure  would  generate  heat.  This  heat  may  be  negligible  in  the  zone 
of  reduced  compression,  but  may  be  important  in  the  highly  compressed 
one.  Rocks  may  afford  sometimes  a  certain  amount  of  heat  without 
noticeable  changes;  but  organic  Uquids  would  be  more  or  less  modified. 
A  slight  increase  of  temperature  would  lower  the  viscosity  of  the  oil  and 
facilitate  its  migration.  A  sufficient  rise  may  partially  decompose  it,  and 
complex  reactions  may  occur  if  this  decomposition  should  take  place 
under  pressure,  in  the  presence  of  water  vapor.  Tliis  side  of  the  ques- 
tion will  have  to  be  investigated  more  completely,  should  the  general 
theory  be  admitted.  For  there  could  be  found  possibly  a  partial  origin 
of  the  different  grades  of  oil,  and  the  source  of  a  large  part  of  the  gas  which 
accompanies  oil  in  the  pools  today.  The  complexity  of  the  products 
would  still  be  increased  by  the  filtration  of  the  oil  through  certain  rocks, 
which  an  excessive  compression  may  allow,  or  which  capillarity  may  in- 
duce in  other  circumstances. 

At  any  rate,  gas  and  oil  concentration  in  the  zones  of  decompression 
or  of  reduced  compression  would  result;  and  water,  oil,  and  gas  may 
finally  settle  in  the  reservoirs  according  to  density. 

On  the  other  hand,  we  have  seen  that  the  anticlines  would  be  extended 
along  their  crests  and  the  syncUnes  contracted  along  their  bottoms,  if  we 
consider  only  the  part  of  the  prism  above  its  neutral  plane.  The  liquid 
would  thus  be  squeezed  out  from  the  syncUnes  and  would  have  a  natural 
tendency  to  collect,  by  the  effect  of  compression,  in  the  higher  and  more 
open  parts  of  the  anticlines.  Later,  if,  for  some  reason,  water  were  re- 
duced in  amount,  the  oil  would  follow  the  level  of  the  receding  waters  and 
sink  toward  the  bottom  of  the  syncUnes,  as  long  as  porosity  would  permit. 
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It  might  occur,  with  a  Bufficient  increase  of  the  lateral  thrust,  that  the 
material  subjected  to  compression  would  break  instead  of  bend,  and  that 
oyerthrusts  and  faults  would  result.  These  deformations  would  naturally 
take  place  in  the  more  compressed  region,  on  the  side  of  the  thrust. 
This  would  open  a  way  of  escape  to  the  gas  and  to  the  liquids,  and  the 
affected  parts  of  the  oil-bearing  strata  might  be  deprived  of  their  contents, 
by  outflow  or  evaporation.  The  oil  and  gas  would  be  lost  and  these 
parts  of  the  layers  would  become  dry. 

As  far  as  we  have  gone,  we  have  only  considered  theoretical  views  and 
results  of  laboratory  experiments.  The  material  which  we  have  been 
handling  was  simple,  the  individual  layers  homogeneous,  of  constant 
thickness  and  horizontally  disposed;  the  forces  were  acting  in  the  vertical 
plane  of  symmetry  of  the  prism,  etc.  And  from  a  starting  point  fraught 
with  geometric  simplicity  we  have  reached  simple  and  geometric  results. 
The  merit  of  this  way  of  proceeding  is  that  it  has  allowed  us  to  understand 
more  clearly  than  could  be  done  otherwise,  the  trend  of  events  when  the 
elements  of  the  problem  are  reduced  to  their  simpler  lines. 

But  in  Nature,  things  are  much  more  complicated.  Let  us  consider, 
instead  of  a  prism,  a  syncline  of  deposition  and  note  the  new  set  of  condi- 
tions which  may  affect  the  result.  Between  the  geometric  dispositions 
of  our  previous  scheme  and  the, dispositions  encountered  in  the  field,  we 
will  remark  at  once  the  following  differences: 

The  material  will  not  be  homogeneous,  but  varied  to  the  extreme. 
Not  only  will  the  strata  be  different  from  one  another  in  composition, 
texture,  resistance,  flexibility,  etc.,  creating  a  lack  of  homogeneity  in  the 
vertical  direction,  but  similar  differences  will  be  found  in  individual  strata, 
so  that  the  lack  of  homogeneity  will  become  almost  general. 

The  materials  will  not  be  geometrically  disposed.  The  outlines  of 
the  compressed  area,  in  horizontal  projection,  will  be  irregular,  and  its 
thickness  at  great  variance  from  point  to  point.  The  layers  will  be  in- 
curved, presenting  original  bends  of  deposition.  Their  own  thickness 
will  be  irregular,  and  the  so-called  ''planes  of  stratification"  will  not  be 
planes  at  all,  but  complicated  surfaces. 

If  we  consider  one  particular  stratum,  the  pressure  due  to  overlying 
formations  will  not  be  the  same  everywhere. 

The  thrust  will  be  irregular,  and  to  simple  compression  and  flexion 
will  be  superimposed  a  torsional  movement.  Consecutive  thrusts,  varied 
in  direction  and  importance  may  affect  the  same  region.  Further,  an 
orogenic  movement  does  not  result  simply  in  a  series  of  more  or  less  paral- 
lel folds,  elongated  in  one  direction;  it  is  complicated  by  transverse  or 
orthogonal  undulations,  which  create  successive  elevated  and  depressed 
areas  along  the  general  strike  of  the  folds;  the  anticlines  have  a  tendency 
to  be  transformed  into  elongated  domes,  the  synclines  into  elongated 
basins. 
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located  on  the  exterior  slopes  of  the  belt;  i,e.f  on  the  side  that  is  farther 
from  the  point  of  application  of  the  thrust,  and  the  pools  are  distributed 
in  rows  parallel  to  the  trend  of  the  folds,  frequently  with  their  niajor 
axis  in  the  same  direction. 

In  these  districts  the  deformations  are  no  more  the  gentle  anticlines 
and  syncUnes  or  the  terraces  of  the  Appalachian  region;  the  strata  are 
highly  disturbed,  contorted  and  even  faulted.  The  thrust  in  the  Alpine 
belt  has  been  much  more  powerful  than  in  the  Appalachian  region,  and 
in  certain  places  overthrusts  of  considerable  magnitude  have  taken  place. 
In  fact,  the  Alps  proper  and  the  Carpathians  seem  to  have  been  submitted 
to  folding  and  deformation  at  least  at  two  different  periods:  First  im- 
mediately after  OUgocene  times,  and  second  during  the  middle  Miocene; 
and  the  present  state  of  affairs  is  the  result  of  the  cumulative  effect  of 
both  thrusts.  It  seems  reasonable  to  admit  that  the  region  has  passed 
through  a  first  stage  similar  in  some  respects  to  the  one  presented  by  the 
Appalachian  belt,  and  during  which  the  greater  part  of  the  accumulation 
may  have  been  effected,  before  reaching  the  further  stage  of  greater  dis- 
turbance, in  which  a  part  only  of  the  accumulated  hydrocarbons  seems 
to  have  been  preserved,  in  consequence  of  special  stratigraphic  conditions. 

Similar  relations  may  be  observed  in  many  other  fields. 

The  preceding  remarks  have  led  the  writer  to  believe  that  the  facts 
observed  in  the  field  agree  with  the  theoretical  views  previously  expressed, 
and  the  hypothesis  which  he  proposes  for  oil  and  gas  accumulation  may 
be  summarized  as  follows: 

First  Stage. — The  oil  proceeding  from  organic  remains,  perhaps  still 
in  process  of  decomposition  at  the  very  origin  of  the  movement,  is  at  first 
distributed  in  the  water-laden  sediments  of  the  geosyncline  of  deposition 
in  the  state  of  disseminated  particles. 

Second  Stage. — The  increasing  compression,  due  to  the  continuous 
accumulation  of  superimposed  strata,  expels  an  increasing  amount  of  the 
water  of  deposition  with  its  contents  of  hydrocarbons,  from  the  original 
layers,  which,  at  the  same  time,  are  the  most  easily  affected  by  the  com- 
pression (argillaceous  or  Umy  sediments),  to  some  other  layers  less  affected 
by  it  (especially  sands  and  gravels).  This  displacement  may  take  an 
upward  or  a  downward  trend,  the  only  condition  being  that  the  fluids 
must  move  along  the  Une  of  lesser  resistance,  from  a  more  compressed  to 
a  less  compressed  zone.  This  movement  may  take  place  between  two 
entirely  different  strata,  or  between  two  layers  of  the  same  group  of  de- 
posits, provided  the  layer  acting  as  a  temporary  reservoir  is  less  compres- 
sible or  more  porous  than  the  former  one.  (This  latter  condition  obtains 
in  the  dolomitic  layers  of  the  Trenton  rock.) 

Third  Stage. — ^As  soon  as  orogenic  movement  begins,  a  more  or  less 
horizontal  compression,  due  to  the  thrust,  takes  place  and  becomes  added 
to  the  vertical  pressure  due  to  superincumbent  weight.    The  result  of  the 
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intervention  of  this  new  force  is  to  create:  first,  a  general  increase  of 
compression  from  the  point  of  applied  resistance  to  the  point  of  applied 
lateral  pressure;  second,  successive  and  parallel  zones  alternately  com- 
pressed and  decompressed,  whose  strike  is  normal  to  the  direction  of  the 
thrust.  The  waters  which  saturate  the  strata  are  submitted  to  the  effect 
of  this  unequal  pressure  and  move  from  the  highly  compressed  regions  to 
the  lesser  compressed  ones,  carrjdng  the  hydrocarbons  with  them  in  their 
course,  finally  collecting  in  pools  parallel  to  the  folds.  The  movement 
would  have  to  take  place  along  the  lines  of  lesser  resistance,  t.e.,  toward 
and  along  the  more  porous  layers  of  the  formation  (sandy  layers,  etc.). 
Pressure  would  reduce  the  viscosity  of  the  oil,  favor  the  coalescence  of  the 
globules  and  perhaps  induce  some  chemical  changes  of  the  hydrocarbons. 
The  more  probable  places  of  accumulation  would  be  the  crest  of  anticUnes, 
the  summit  of  domes,  the  rims  of  terraces,  or,  in  the  main,  the  places 
where  a  change  occurs  in  the  dip  or  along  the  strike  of  the  strata,  in  the 
form  of  convex  edges  or  arches;  for  the  reason  that  at  these  places  the 
local  reduction  of  compression,  buoyancy,  and  resistance  to  motion  d^e 
to  a  change  in  the  direction  of  flow,  would  act  together  and  accumulate 
their  effect. 

When  the  fluids  reach  the  zones  of  lesser  compression,  if  the  physical 
condition  of  the  reservoir  in  which  they  collect  is  such  as  to  hold  the 
hydrocarbons  and  prevent  their  escape,  an  equilibrium  is  established, 
and  the  final  pressure  in  the  pools  must  be  equal  to  the  original  pressure 
less  the  losses  of  head  encountered  on  the  way. 

Further,  a  progressive  settlement  would  take  place  in  the  reservoir, 
according  to  gravity;  water  would  congregate  at  the  lower  places,  oil 
would  have  a  tendency  to  collect  at  its  surface,  and  gas — either  brought 
with  the  water  or  dissolved  in  the  oil  and  further  released  by  decompres- 
sion, or  simply  produced  from  the  oil  itself — would  reach  the  higher  places. 

Considered  as  a  whole,  the  process  would  be  a  consequence  of 
the  mechanical  principle  of  least  action.  In  this  process,  the  agent  of 
transportation  of  the  hydrocarbons  would  be  water;  the  moving  force 
would  be  hydraulic  pressure  created  by  vertical  and  lateral  compression; 
and  the  extent  of  the  movement  would  be  variable  in  the  extreme 
according  to  local  conditions  of  the  strata.  But  compression,  especially 
compression  due  to  the  lateral  thrust,  whose  action  would  be  irreglar  and 
continuous  and  would  have  to  be  extended  over  a  long  period  of  time, 
would  not  act  as  the  permanent  head  of  water  which  nowadays  is  the 
ultimate  source  of  the  velocity  and  of  the  hydraulic  power  of  circulating 
underground  waters.  Frictional  resistance  may  reduce  and  even  stop 
the  motion  of  underground  water  once  for  all  in  a  given  direction;  a 
thrust  would  act  by  a  succession  of  jerks  and  repeat  the  effort  again  and 
again.  There  would  be  periods  of  activity,  during  which  the  compressive 
force  would  exceed  the  resistance  of  the  rocks  and  deformations  would 
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ensue,  followed  by  periods  of  rest,  brought  by  the  momentary  relaxa- 
tion of  strains  due  to  deformation  itself  and  during  which  the  com- 
pressive forces  would  accumulate;  and  the  thrust  would  become  the 
source  of  a  periodically  renewed  energy.  The  consequent  hydraulic 
pressure  would  follow  a  similar  wavy  movement,  with  periods  of  maxima, 
to  which  a  maximum  of  velocity  would  correspond,  and  periods  of 
minima  or  of  rest,  where  frictional  resistance  might  bring  the  move- 
meijt  to  a  stop.  The  action  of  the  liquids  would  thus  become  similar  to 
that  of  a  water  ram,  with  a  maximum  of  eflSciency  periodically  renewed. 

Fourth  Stage. — ^A  new  stage  wiU  be  reached  by  the  gradual  reduction 
of  the  water  contents  of  the  strata,  producing  consequent  changes  in  the 
level  of  complete  saturation  and  in  the  local  disposition  of  the  pools,  by 
gravity. 

Fifth  Stage, — Sometimes,  a  new  period  of  folding  may  take  place,  in 
which  the  thrust  may  have  or  may  not  have  the  same  direction  as  the 
previous  one.  New  zones  of  compression. and  decompression  may  be 
created,  and  the  liquids  may  be  put  again  in  motion.  The  results  may 
become  thus  very  intricate,  especially  if  the  strata  are  deformed  to  a 
large  extent. 

All  gradations  must  be  expected  to  be  found  in  the  oil  fields  between 
these  two  extreme  sets  of  conditions.  The  Appalachian  belt  may  repre- 
sent the  first  set,  which  stops  at  the  fourth  stage  of  our  description.  The 
fields  of  central  Europe  would  represent  the  further  and  more  complex 
stage. 

The  research  for  oil  becomes  thus  a  problem,  of  tectonic  effects  as  well 
as  of  stratigraphy. 

Rock  Pressure 

m 

The  origin  of  "rock  pressure"  has  been  traced  to  one  of  the  following 
causes:  Hydrostatic  pressure,  weight  of  superincumbent  strata,  gradual 
accumulation  of  the  inclosed  gas,  capillary  diffusion. 

The  hypothesis  of  hydrostatic  pressure  is  untenable  as  a  general  one. 
Hydrostatic  pressure  would  agree,  to  some  extent,  with  the  pressure  found 
in  Ohio  and  Indiana,  but  could  not  account  for  the  heavy  pressures  en- 
countered in  western  Pennsylvania,  as  shown  by  Prof.  J.  P.  Lesley  and 
J.  F.  Carll,  nor  for  the  pressure  of  most  of  the  deep  West  Virginia  wells. 
Further,  this  theory  is  contradicted  by  the  well-known  fact  that  flow  and 
pressure  are  found  to  decrease  in  any  given  well  with  the  age  of  the  well. 
A  certain  amount  of  constancy  in  the  flow  and  in  the  pressure  ought  to 
be  expected  under  artesian  action,  which  is  not  the  case. 

The  weight  of  overlying  strata,  under  present  conditions  of  the  rocks 
would  be  mechanically  inadequate. 

The  progressive  accumulation  of  the  gas  may  be  a  cause  of  pressure, 
and,  according  to  David  T.  Day's  experiments,  capillary  diffusion  through 
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Fuller's  earth  bears  a  curious  analogy  with  osmotic  phenomena  and  the 
pressure  due  to  this  cause  may  be  compared  with  osmotic  pressure.  But, 
if  both  theories  may  explain  the  origin  of  a  certain  pressure,  they  are  not 
entirely  satisfactory,  in  the  writer's  mind,  for  the  following  reasons:  The 
progressive  accumulation  of  the  gas  would  rapidly  be  checked  by  the 
increasing  pressure  itself,  and  it  has  not  been  shown  that  such  a  Umitation 
would  not  occur  before  reaching  the  high  pressures  encountered  in  some 
wells.  On  the  other  hand,  the  action  of  capillary  diffusion  seems  to  re- 
quire certain  physical  conditions  which  are  not  met  everywhere,  and  there- 
fore it  can  not  be  admitted  as  a  general  cause.  Further,  none  of  the  pre- 
ceding theories  explain  the  following  facts:  At  least  in  the  eastern  fields 
of  the  United  States,  the  rock  pressure,  in  the  main,  increases  with  the 
depth  of  the  ''sand,''  and,  at  the  same  time,  there  seems  to  be  a  decrease 
of  pressure  with  an  increase  of  distance  from  the  principal  axis  of  the 
folding.  The  closed  pressure  in  the  Trenton  limestone  of  Ohio  and  In- 
diana averages  200  to  300  lb.  per  square  inch  and  only  exceptionally  reaches 
over  600  lb. ;  whereas  the  pressures  in  western  Pennsylvania  and  in  West 
Virginia,  farther  east,  easily  reach  the  double  figure.  In  other  words,  it 
seems  as  if  the  pressure  would  increase,  as  a  whole,  in  the  same  direction 
as  the  compression  to  which  the  rocks  have  been  submitted  at  the  time 
of  their  folding,  both  vertically  and  horizontally.  A  partial  origin  of  the 
rock  pressure,  at  least,  would  thus  have  to  be  traced  to  orogenic  deforma- 
tion. The  two  other  forces — due  to  progressive  gas  increase  and  capil- 
lary diffusion — may  have,  and  possibly  have  played  a  more  or  less  im- 
portant part  in  the  final  result,  but  this  effect  would  have  been  produced 
later,  and,  in  this  respect,  is  to  be  considered  as  subordinate. 

How  Capillary  Pressure  Seals  an  Oil  Pool 

One  of  the  most  interesting  problems  involved  in  the  study  of  oil  and 
gas  accumulation  is  the  process  by  which  gas  or  oil  may  accumulate  in 
the  pay  streaks  under  heavy  pressure,  without  this  pressure  being  dissi- 
pated through  neighboring  rocks  or  through  the  sandstones.  Impervi- 
ousness  of  the  superincumbent  strata  and  of  the  oil-bearing  bed  itself  has 
been  frequently  advocated.  But  unaltered  rocks  of  the  type  encoun- 
tered in  oil  fields  are  never  impervious.  From  10  to  40  per  cent,  of  their 
bulk  is  made  of  pore  space,  and  the  pore  space  of  the  inclosing  beds  of 
shales  averages  no  less  than  6  per  cent.,  which  means  that  every  square 
foot  of  so-called  impervious  rocks  contains  an  average  of  83^  in.  of  holes 
(M.  J.  Munn). 

In  his  "hydraulic  theory,"  M.  J.  Munn  has  suggested®  that  "the 
pools  of  oil  and  gas  are  held  in  place  by  water  under  hydraulic  and  capil- 

•  The  Anticlinal  and  Hydraulic  Theories  of  Oil  and  Gas  Accumulation,  Economic 
Otology,  vol.  4,  No.  6,  pp.  523  and  527. 
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lary  pressure  which  effectively  seals  up  the  pores  of  the  Burroimding  rock, 
and  prevents  the  dissipation  of  pressure  by  diffusion."  "Pressure  in 
pools,"  he  writes,  "is  maintained  by  the  expansive  force  exerted  by  gas. 
.  .  .  Such  gas  could  not  diffuse  because  of  the  saturated  conditions 
of  the  surrounding  rocks."  But  Mr.  Munn  does  not  go  further  than  a 
general  statement,  and  no  detailed  explanation  of  the  process  by  which 
such  a  "sealing  up"  is  rendered  possible  has  yet  been  given,  as  far  as  the 
writer  knows.    The  following  is  proposed  as  a  tentative  explanatioa. 

Hydraulic  pressure  is  here  discarded,  this  problem  being  a  problem 
of  statics  rather  than  of  dynamics,  and  in  which  the  velocity  is  naught. 

There  is  a  peculiar  and  interesting  phenomenon  which  appears  to 
have  escaped  the  notice  of  those  who  have  tried  to  explain  the  "sealing 
up"  of  a  pool.    It  has  been  pointed  out  by  Jamin,  a  French  physicist, 
and  is  illustrated  by  the  experiment  of  "  Jamin's  tubes."    If  a  capillary 
tube  is  incompletely  filled  by  water  and  the  water  distributed  through 
the  tube  in  such  a  way  as  to  constitute  a  string  of  droplets,  a  pressure  may 
be  applied  to  one  of  the  extremities  of  the  tube  which  will  not  be  trans- 
mitted to  the  other  end.     In  other  words,  the  string  of  droplets  will  act 
as  a  resistance.     If  there  is  a  large  niunber  of  drops  in  the  tube,  the  differ- 
ence  of  pressure  at  the  ends  arising  in  this  way  may  amount 
to  several  atmospheres.    The  explanation  follows:  A  drop 
of  liquid,  Uke  water  or  oil,  which  does  not  wet  the  tube,  will 
be  limited  on  both  ends  by  a  meniscus  (Fig.  7) .    The  super- 
ficial tensioQ  which  results  in  this  form  is  caused  by  the 
tension  of  glass  and  air,  glass  and  liquid,  and  air  and  Uquid. 
The  two  first  sets  of  forces  are  parallel  to  the  axis  of  the 
tube,  and,  being  equal  and  directly  opposed  two  by  two 
at  both  ends  of  the  drop,  neutralize  each  other  when  con- 
^    '^      ditions  of  equilibrium  are  formulated.     The  third  set  of 
forces,  caused  by  the  tension  of  air  and  liquid,  is  tangent 
'  '    '       to  the  meniscus  all  aroimd  the  tube,  at  both  ends,  as  shown 
in  the  figure,  and  makes  with  the  axis  of  the  tube  an  angle  6  which  is 
the  "angle  of  contact."     The  weight  of  the  drop  may  be  neglected  here, 
as  its  action  is  insignificant  with  regard  to  that  of  surface  tension. 
When  the  pressure  is  equal  at  both  ends  of  the  drop,  the  meniscuses  are 
identical,  and  so  are  the  angles  of  contact  6  and  0'.     But  if  the  pressure 
P  at  one  end  is  increased,  both  meniscuses  will  alter  their  curvature. 
The  meniscus  in  front  of  P  will  decrease  its  angle  9,  which  will  tend 
toward  zero,  whereas  the  meniscus  opposed  to  P'  will  increase  its  angle 
6',  which  will  tend  toward  90°,     The  result  of  this  deformation  is  to 
increase  the  force  T  cos  B  directed  against  P,  and  to  decrease  the  force 
T  cos  6'  directed  with  it.     The  difference  will  be  a  resistance  against 
motion  expressed  by  r(co8  0  —  cos  6'),  which  will  draw  closer  to  the 
limit  T  as  the  pressure  is  increased. 
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The  same  conditions  would  obtain  in  shales  or  clays  capping  :a  gas 
pool.  There  is  nothing  like  a  .plane  of  separation  between  the  gas  of 
the  pool  and  the  water  that  fills  the  pores  of  the  superincumbent  rock; 
but  there  is  a  more  or  less  irregular  intermediate  zone  in  which  the  gas 
and  the  water  are  commingled.  The  pores  of  the  shale,  by  their  juxta- 
position, would  constitute  the  Jamin  tubes  of  the  experiment,  and  these 
would  be  filled  by  the  mixture,  which  would  take  the  form  of  bubbles  of 
gas  intermingled  with  droplets  of  water. 

Van  Hise  remarks'  that  "the  majority  of  the  particles  of  most  clays, 
shales  and  slates  are  much  smaller  than  0.0012  mm.,  and  therefore  the 
openings  of  the  rocks  are  subcapillary."  He  defines  subcapillary  open- 
ings as  those  which  are  0.0002  mm.  and  less  in  diameter.  Starting  from 
these  data,  it  is  possible  to  calculate,  with  a  sufficient  degree  of  approxi- 
mation, the  thickness  of  the  shales  or  of  the  clay  which  would  seal  up  a 
given  pressure.  The  writer  has  found  that  a  few  feet  would  be  amply 
sufficient  to  seal  up  a  pressure  of  1,200  lb.  per  square  inch. 

It  may  be  conceived  that  the  same  process  would  apply  for  the  sealing 
of  gas  and  oil  pools  laterally,  along  the  dip  and  strike  of  the  porous  layers 
themselves,  wherever  the  sealing  is  not  already  produced  by  changes  in 
the  nature  of  the  '^sand"  from  a  pervious  to  an  impervious  one,  or  by 
the  presence  of  water.  Pore  openings  of  sandstones  are,  for  the  most 
part,  capillary;  and  should  water  not  be  present  in  the  sand,  oil  may 
replace  it  for  the  Jamin  tube  eflfect.  Calculation  shows  that  the  marginal 
zone  thus  constituted  may  reach  a  width  of  a  few  hundred  feet.  Pressure 
would  decrease  in  this  zone  from  the  inside  to  the  outside  of  the  pool, 
progressively,  a  feature  which  is  readily  observed  in  the  field. 

'A  Treatise  on  Metamorphism,  Monograph^  47,  U.S. Geological  Survey^  p.  138  (1904). 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prewnted  in  person  at  the 
AriioD*  meeting,  September,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  tnis  is  impos- 
■ible,  then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers, 
29  West  39th  Street,  New  York,  N.  V..  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangemsnt  is  made,  the  discussion  of  this  paper  will  close  Noy.  1, 1916.  Any 
diseosaon  oifered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Modem  Methods  of  Mining  and  Ventilating  Thick  Pitching  Beds 

BT   H.   M.   CRANKSHAWy*  B.    8.,   HAZLETON,   PA. 
(Arisona  Meeting,  September,  1916) 

The  early  methods  of  mining  anthracite  in  the  steep  pitching  Mam- 
moth bed  consisted  in  driving  breasts  up  the  pitch  from  the  gangways 
and  airways  driven  in  the  bed  along  the  strike  (Plate  2,  Fig.  1). 
Breasts  are  simply  rooms  driven  up  the  pitch  the  full  thickness  of  the 
bed  (Plate  2,  Fig.  2),  having  a  width  of  from  18  to  30  ft.,  and  a  manway 
or  traveUng  way  on  one  or  both  sides.  (For  detail  of  breast  method 
see  Whildin,  Trans.,  vol.  50,  p.  704). 

Many  difficulties  were  encountered,  and  the  maintenance  cost  of  the 
timbered  gangways  was  so  great  as  to  be  practically  prohibitive.  To 
reduce  this  expense,  the  gangways  were  driven  in  the  thin  Skidmore  bed 
underlying  the  Mammoth,  and  the  coal  mined  through  rock  holes. 
(Plate  2,  Fig.  2,  A.) 

It  was  found  that  after  the  breasts  were  driven  up  80  to  100  ft.,  the 
coal  almost  invariably  rushed  or  ''ran  away,*'  making  good  ventilation 
almost  impossible  and  the  extraction  of  coal  from  the  upper  portion  of 
the  Uft  very  difficult.  The  economic  length  of  a  lift  is  from  200  to  250 
ft.,  and  the  percentage  of  extraction  by  the  old  method  above  mentioned 
was  often  under  50  per  cent.,  while  the  coal  recovered  was  so  badfy 
broken  up  as  to  reduce  materially  the  percentage  of  large  sizes. 

Principles  of  Present  Mining  Methods 

The  present  methods  designed  for  the  recovery  of  a  maximum  per- 
centage of  coal  and  a  maximum  yield  of  the  prepared  sizes  depends  largely 
on  the  following  principles: 

First — Formerly  the  practice  in  mining  bituminous  coal  was  to  space 
rooms  so  that  as  much  coal  as  possible  could  be  extracted  in  first  mining 
(Plate  3).  The  small  pillars  were  often  lost,  and  an  improvement  in 
total  extraction  was  found  in  the  system  of  driving  narrow  rooms  with 
wide  pillars,  with  a  much  larger  final  recovery  (Plate  4). 

Second. — The  early  method  of  ventilation  was  to  maintain  a  single 

*  Manager,  Harwood  Coal  Co. 


1160 


MODERN   METHODS   OF  MININQ  AND  VENTILATING 


current  of  air  throughout  the  mine.    This  has  been  modified  by  system- 
atically splitting  the  air  and  so  establishing  more  efficient  ventilation. 

Third. — The  coal  should  be  so  mined  as  to  allow  the  overlying 
measures  to  break  and  relieve  the  pressure,  the  break  to  be  controlled  and 
regulated  by  the  method  of  mining  so  that  it  occurs  where  it  is  desired. 
This  principle,  which  governs  longwall  mining  in  England,  is  fully  recog- 
nizied  by  the  Consolidation  Coal  Co.,  and  was  well  brought  out  in  Mr. 
Grady's  paper,  ^  but  in  the  type  of  mining  under  discussion  it  has  rarely 
been  applied.  It  has  been  claimed  also  by  some  mining  engineers  that 
the  principle  is  inapplicable  to  the  anthracite  region,  as  the  tough  overly- 
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Plate.  1. — Method  op  Mining  Steep  Pitching  Mammoth  Bed. 

(Typical  Section) 


ing  strata  would  not  break;  that  this  conclusion  is  unwarranted  is  indi- 
cated by  the  fact  that  in  longwall  bituminous  coal  mining  it  is  not  unusual 
for  several  acres  of  roof  to  stand  before  the  first  break  occurs,  after  which 
the  roof  breaks  without  further  trouble. 

Therefore,  we  beUeve  it  has  been  proven  that  we  must  in  first  mining 
leave  strong  pillars;  we  must  scientifically  split  the  air  to  secure  efficient 
ventilation;  and  we  must  so  regulate  the  extraction  of  pillars  that  the 
roof  breaks  may  be  controlled. 


»  Trans.,  vol.  61,  p.  138. 
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Disadvantages  of  Old  Method 

In  the  old  method  of  mining  the  Mammoth  bed,  the  coal  was  first 
partly  worked  over,  after  which  the  ground  squeezed  and  settled  through 
a  period  of  years  until  the  coal  left  behind  had  been  so  consolidated  by 
pressure  as  to  again  allow  of  chutes  being  driven  in  the  squeezed  bed,  and 
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Plate  2. — Old  and  New  Methods  of  Minino  Mamhoth  Bed. 

the  origiDal  method  of  mining  repeated,  this  process  sometimes  being 
gone  over  several  times  before  the  final  extraction  of  the  coal  from 
the  bed.  The  squeezing  considerably  shattered  the  coal  and  resulted  in  a 
nmch  decreased  percentf^e  of  the  prepared  sizes  in  the  product  of  the 
second  and  subsequent  minings. 


Plate.  3. — Sketch  Showino  Phiuitive  Method  of  Mininq. 

The  modem  methods  aim  to  take  out  as  much  coal  as  possible  in  the 
first  mining,  and  to  avoid  going  over  the  same  ground  several  times  as 
ifas  formerly  necessary. 
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The  method  described  is  the  result  of  3  years  of  careful  work  and 
experiment,  using  at  the  same  time  all  knowledge  obtainable  from  the 
failures  of  the  past  (Plates  5  and  6).  The  paper  by  Mr.  Whildin*  de- 
scribed the  methods  developed  for  reworking  mined-over  ground.  While 
doing  this  work  constant  studies  were  directed  toward  the  development 
of  a  method  which  would  be  applicable  to  virgin  ground,  and  which  would 
overcome  the  defects  of  the  old  methods,  the  chief  of  which  were:  Low 
percentage  of  extraction;  excessive  cost  of  timbering;  poor  ventilation, 
and  low  percentage  of  prepared  sizes,  due  to  reworking  the  same  ground 
after  the  coal  had  been  crushed  and  squeezed. 

It  was  found  that  after  a  breast  had  "  run  away  "  and  been  drawn  until 
the  rock  from  old  workings  appeared  at  the  battery,  the  greater  portion 


Plate.  4. — Sketch  Showing  Modebn  Method  of  Mininq.    Scale  1  In.  —  15  Ft. 

of  the  coal  recovered  had  come  from  the  lower  part  of  the  lift,  Plate  2, 
Fig.  1.  The  upper  part  of  the  lift  was  practically  solid,  due  to  the  fact 
that  the  space  from  which  the  coal  had  run  had  become  practically  filled 
with  loose  rock  which  supported  the  overlying  measures.  As  the  pillars 
were  robbed  and  the  ground  began  to  squeeze,  the  pressure  naturally 
did  the  most  havoc  at  the  weakest  point,  which  was  found  near  the  bottom 
of  the  breasts,  or  directly  above  the  airway  and  gangway. 

Since  in  most  cases  the  mining  was  not  done  so  as  to  allow  a  clean 
break  of  the  roof,  the  pressure  came  on  the  airway  and  gangways  in  the 
form  of  a  slow  squeeze  which  broke  the  timber.  This  resulted  in  the 
conclusion  that  heavier  timber  was  needed,  and  in  many  cases,  sticks 
24  to  30  in.,  and  even  36  in.  diameter  were  used  for  timbering  purposes, 
resulting  in  an  excessive  timber  cost. 

'  Trans.,  vol.  50,  p.  698. 


H.    U.    CRANKSHAW  1163 

A  careful  study  of  Plate  2,  Fig,  1,  will  show  why  the  cost  of  timbering 
in  Mammoth  airways  and  gangways  is  excessive,  and  how  the  squeeze 
ns  brought  on  by  the  old  method. 

To  reduce  this  timber  cost  the  gangways  were  driven  in  the  Skidmore 
bed  underlying,  instead  of  in  the  Mammoth  (Plate  2,  Fig.  2),  involving 
the  use  of  rock  chutes  from  the  Skidmore  and  the  driving  of  slant  chutes 
in  the  latter.  The  result  was  the  development  of  a  complete  method  of 
working  the  Mammoth  bed  from  the  underlying  beds  (Plate  2,  Fig.  3). 

Description  of  Present  Method 

In  the  working  of  a  lift  in  the  Mammoth  bed  250  ft.  long  on  a  pitch 
of  65°,  the  bed  being  40  ft.  thick,  the  gangways  and  airways  are  first 


Plate.  5. — Present  Method  of  Mining,  Upper  Section. 

driven  in  the  usual  way  in  the  underlying  bed.  Rock  holes  or  chutes 
to  the  Mammoth  from  this  gangway  level  are  not  driven  until  the  work- 
ings in  the  underlying  bed,  following  the  plan  to  be  described  just  below, 
bave  reached  a  point  about  halfway  up  the  Uft,  Plate  5,  with  the  result 
that  the  breasts  in  the  Mammoth  are  restricted  to  a  length  of  about 
100  ft.  The  length  of  breasts  was  limited  to  100  ft.  because,  as  previously 
observed,  past  experience  showed  that  the  breasts  almost  invariably  ran 
away  when  this  length  had  been  driven,  making  it  practically  impossible 
to  carry  to  completion  any  system  of  working  involving  any  greater 
length. 
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In  the  development  of  this  plan,  chutes  A,  B,  C,  Plate  5,  are  driven  in 
the  Skidmore  bed,  underlying  the  Mammoth,  and  rock  holea  D  put 
through  to  the  Mammoth  120  ft.  apart,  and  from  a  point  halfway  up  the 
lift.  These  rock  holes  are  then  connected  by  slant  chutes  E  along  the 
bottom  rock  of  the  Mammoth,  from  which  the  breasts  are  started  on  60- 
ft.  centers  in  the  usual  way.  Each  rock  hole  handles  the  coal  from  two 
breasts  and  the  coal  from  three  rock  holes  comes  together  at  one  loading 
chute  at  X. 

It  has  been  found  desirable  not  to  drive  the  rock  chutes  much  in 
advance  of  the  mining  of  the  coal  in  the  Mammoth,  and  to  mine  this  coal 
as  rapidly  as  possible.    By  this  method  after  the  work  is  once  fully 


Plate  6. — Pre8!1nt  Method  of  Minino,  Lower  Section. 

opened  out  the  cost  of  the  rock  work  is  only  about  20  per  cent,  of  the  total 
cost  of  timbering  under  the  former  method  of  mining. 

Each  set  of  six  breasts  has  a  separate  split  of  fresh  air  and  a  ventilat- 
ing system  of  its  own.  The  ventilation  is  arranged  very  simply,  on  the 
spht  system,  by  driving  a  Skidmore  breast  /  and  J  from  the  Skidmore 
airway  far  enough  up  the  pitch  bo  that  a  rock  hole  K  put  through  from 
the  top  of  the  breast  will  connect  with  the  apex  of  the  slant  chutes  E. 
The  main  loading  chutes  A,  360  ft.  apart,  then  become  the  main  intakes, 
and  as  shown  by  the  arrows,  the  air  returns  through  rock  holes  K  and 
Skidmore  breasts  J  to  the  Skidmore  return  airway. 
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After  the  breasts  are  driven  through  to  the  upper  level,  cross  chutes 
G  are  driven  across  the  bed  from  the  apex  of  the  slant  chutes  E,  for  the 
purpose  of  robbing  the  pillars.  The  breasts  are  allowed  to  stand  full 
until  the  cross  chutes  G  are  driven  through  to  the  upper  level,  and  are 
drawn  as  the  cross  chutes  G  are  worked  down,  the  pillars  being  com- 
pletely robbed  by  means  of  the  tapping  chutes  T, 

In  this  way  all  the  chutes  are  driven  in  solid  coal,  the  men  are  in 
strong  ground  all  the  time,  thus  being  well  protected,  and  a  good  supply 
of  fresh  air  is  always  available  to  dilute  any  outburst  of  gas. 

When  the  upper  half  of  the  lift  has  been  robbed  back,  the  lower  half 
is  worked  in  a  similar  way  from  the  rock  holes  Af ,  Plate  6,  driven  direct 
from  the  Skidmore  gangway.  These  rock  holes  are  connected  by  slant 
chutes  B  driven  along  the  bottom  rock  of  the  Mammoth,  and  the  whole 
operation  repeated  as  for  the  upper  half  of  the  lift.  Working  the  upper 
half  first,  however,  has  given  an  opportunity  to  ventilate  the  lower  half 
easQy,  as  follows: 

As  soon  as  the  first  breast  C  is  driven  up,  a  short  chute  R  is  driven 
from  near  the  top  of  the  breast  to  connect  with  the  rock  holes  H;  the 
dant  chutes  0,  in  the  Skidmore  bed,  which  previously  were  used  as  coal 
chutes,  now  serve  as  return  airways,  with  no  expense  for  upkeep. 

The  main  chutes,  wherever  possible,  should  be  driven  6  by  8  ft.  so  as 
to  provide  a  good-sized  manway  for  traveling  and  for  carrjdng  up  timber. 
In  order  to  secure  a  reserve  pillar  for  fire  protection  and  for  limiting  pos- 
sible squeezing  a  large  pillar  is  left  every  720  ft.,  the  length  of  each 
double  section. 

This  method  was  first  tried  on  the  west  side  of  the  fifth  level  of  No.  4 
Shaft,  Lansford  Colliery,  where  the  upper  half  of  the  lift  in  the  first  part 
of  the  work  is  now  being  robbed  down.  The  results  as  to  cost  and  ex- 
traction have  been  excellent. 

Ventilation  System 

One  result  of  the  method  of  mining  before  described  is  to  get  all  the 
main  airways  in  strong  permanent  ground,  so  that  they  are  not  subjected 
to  squeezing,  and  require  a  minimum  expense  for  upkeep.  Two  mines 
producing  700,000  tons  per  year  were  working  the  section  where  the  ven- 
tilation was  remodeled,  this  work  taking  2  years  to  complete.  Two 
electrically  driven  Sirocco  fans  were  installed,  of  100,000  and  150,000 
cu.  ft.  capacity,  respectively,  the  larger  one  operated  blowing  and  the 
smaller  exhausting. 

The  mines  were  originally  ventilated  by  fans  located  in  the  center 
of  the  property  in  the  usual  way  (Plate  7).  The  air  traveled  along  the 
main  haulageways  as  intake  airways  and  returned  along  return  airways 
parallel  to  the  main  haulageways.     As  the  mining  concentrated  at  the 
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extremities  of  the  property,  the  following  defects  became  apparent, 
resulting  in  unsatisfactory  quality  of  air  in  the  working  places. 

To  get  to  the  fans  the  air  had  to  travel  2  miles;  the  main  haulageways 
were  so  filled  with  traffic  as  the  mines  increased  in  production  that  their 
function  as  an  intake  airway  was  materially  impaired;  the  return  air- 
ways, where  they  were  in  the  Mammoth  bed,  were  exceedingly  expensive 
to  maintain,  and  where  they  were  in  the  Skidmore,  in  many  cases  were  too 
small  to  carry,  for  the  required  long  distances,  the  volume  of  air  needed. 

By  replacing  the  central  systeni  of  ventilation  with  fans  located  near 
the  extremities,  the  length  of  travel  of  the  air  was  halved,  and  it  was 
found  practicable  to  abandon  sections  of  the  Mammoth  airway  which 
were  expensive  to  maintain.  In  this  way,  an  efficient  method  of  ventila- 
tion was  worked  out,  which  made  it  possible  to  work  coal  which  had  been 
inaccessible  for  many  years. 
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Plate.  7. — Ventilating  System. 


The  diagram,  Plate  7,  shows  the  ventilating  system  employed  in 
these  mines,  the  central  fan,  by  exhaust,  ventilates  the  fifth  or  lower  level, 
which  is  known  as  No.  4  Shaft  level,  and  the  "Black  Rock  Slope"  force 
fan  ventilates  the  second,  third  and  fourth  level  on  the  east  side,  and  the 
**West  Barrier"  exhaust  fan  ventilates  the  second,  third  and  fourth 
levels  on  the  west  side. 

By  making  the  ** Black  Rock  Slope"  a  blowing  fan,  it  was  possible 
to  ventilate  the  section  known  as  Pancheries'  Tunnel,  and  the  section 
known  as  the  N.  E.  Primrose,  without  the  necessity  of  having  long  return 
airways,  the  haulageways  acting  as  intake  airways  for  these  sections. 

When  the  three  fans  are  in  operation,  the  territory  is  so  divided  that 
there  are  a  proportionate  number  of  men  to  each  fan,  and  the  main  air 
current  is  in  each  case  divided  into  at  least  three  main  splits,  each  main 
spUt  being  again  split  up  in  the  working  places  as  required. 
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To  date  the  adoption  of  the  mining  and  ventilation  methods  described 
have  given  the  following  results: 

In  1915,  up  to  Oct.  30,  50,000  tons  were  mined  by  the  new  method, 
the  labor  cost  being  19  c.  per  car  lower  than  by  the  old  method  under 
similar  conditions,  and  the  saving  in  cost  of  timber  at  least  30  per  cent. 

While  reliable  figures  as  to  extraction  will  not  be  available  for  about 
2  years  it  is  reasonable  to  beUeve  that  as  the  coal  is  "mined"  instead  of 
being  allowed  to  run,  less  rock  will  be  extracted,  and  the  total  car  yield 
will  be  materially  increased. 
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Plate.  8. — Method  op  Erecting  Steel  Timber  in  Mammoth  Bed. 


Use  of  Steel  Timber 

The  use  of  steel  timber  is  only  commercially  justified  in  gangways 
in  the  Mammoth  bed  when  such  gangways  are  not  subject  to  squeeze 
due  to  mining  operations  in  their  immediate  vicinity;  but  all  gangways, 
turnouts  and  other  places  in  the  Mammoth  bed,  which  are  required 
for  use  over  a  period  of  many  years,  should  be  lined  with  steel  timber 
properly  erected. 

For  general  use,  it  has  been  found  advisable  to  use  H-section  steel 
for  both  legs  and  collars;  5-  and  6-in.  H-beams  have  been  found  most 
suitable  for  sets  in  gangways,  with  sizes  for  turnouts  and  special  work  as 
required  by  the  conditions. 

The  method  of  erection  is  shown  in  Plate  8. 

Figs.  9  and  10  illustrate  typical  examples  of  this  method  of  tim- 
bering. In  the  gangways  shown,  the  Mammoth  bed  is  60  ft.  thick, 
very  dry  and  very  liable  to  run,  the  gangway  being  1,000  ft.  below  the 
surface.     The  best  of  wooden  timber  rots  out  in  2  years. 

Fig.  9  shows  the  gangway  timbered  up  to  the  rock  lying  between  the 
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Mammoth  and  Skidmore  beds.  The  tunnel  was  afterward  driven 
without  any  of  the  timber  being  disturbed  by  the  blasting  of  the  rock. 

Fig.  10  is  an  example  of  the  replacement  of  wood  by  steel.  Note  the 
comparative  size  of  wood  and  steel. 

The  author  desires  to  express  his  appreciation  of  the  assistance  given 
by  H.  D.  Kynor,  John  L.  Richards  and  A.  L.  Walbridgein  carrying  out 
the  work  described  and  in  preparing  this  paper. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  bevibion] 

DISCUSSION  OF  THI€  PAPER  IS  INVITED.  It  should  praferably  be  praaented  In  peraon  at  the 
Aiiiou  meeting,  September.  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  duoiusion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
2^th  Street,  New  York.  N.  Y.,  for  presentation  by  the  Secretary  or  other  representatiye  of  its  author. 
Unlen  fpedai  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Nov.  1, 1016.  Any  discussion 
offend  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Diesel  Engines  versus  Steam  Turbines  for  Mine  Power  Plants 

BY   HERBERT   HAAB,*   BAN   FRANCISCO,    CAL. 
(Arisona  Meeting,  September,  1016) 

Cheap  power  is  essential  to  large-scale  mining  and  metallurgical 
operations,  particularly  where  fine  grinding  of  large  tonnages  has  to  be 
resorted  to,  as  is  the  case  with  an  increasing  number  of  mines  treating 
disseminated  copper  ores,  or  low-grade  gold  ores,  in  the  grinding  of  which 
considerable  power  is  consumed.  A  comparison  of  the  cost  of  generating 
power  with  Diesel  engines  and  steam  turbines  and  a  brief  discussion  of 
the  different  factors  governing  the  profitable  use  of  either  type  of  prime 
mover  may  be  timely  in  view  of  the  importance  of  a  cheap  supply  of 
power  to  the  mining  industry,  and  the  prominence  that  has  lately  been 
given  to  Diesel  engines  in  America. 

As  many  of  our  most  important  mines  and  largest  producers  of  metals 
are  located  in  sections  where  neither  cheap  coal  nor  water  power  is  avail- 
able, and  the  price  of  oil  fuel  is  increased  by  long  hauls,  the  Diesel  engine 
will  become  a  prime  mover  of  increasing  importance.  This  applies 
particularly  to  the  Southwestern  States,  where  an  ample  supply  of  cold 
water  for  condensing  purposes  is  unusual  and  local  climatological  condi- 
tions interfere  in  securing  the  high  vacua  essential  to  high  turbine 
efficiency. 

About  12  times  as  much  water  will  be  required  for  condensing  pur- 
poses with  .steam  turbines  under  general  conditions  as  is  needed  for 
jacket-cooling  of  two-stroke  cycle  Diesel  engine;  four-stroke  cycle  Diesel 
engines  require  only  one-twentieth  of  the  cooling  water. 

Another  condition  favoring  the  use  of  Diesel  engines  is  the  high 
load  factor  at  .which  most  mine  power  plants  operate.  The  influence  of 
load  factor  on  the  cost  of  generating  power  is  shown  in  Tables  1  and  2 
a;nd  in  Fig.  1. 

*  Consulting  Engineer. 
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Table  l.—Cost  of  Oenerating  Power  with  Four  3,000  b.hp.  (2,000  Kw.) 
Svker  Diesel  Engines  Direct-Connected  to  AUemators  and  Exciters 

Costs  are  based  on  the  following  conditions: 

Cost  of  complete  plant $720,000 

Cost  of  fuel,  $1.25  per  bbl.  of  320  lb. 

Cost  of  lubricating  oil,  35  c.  per  gallon. 

Per  Month 

Labor—  1  chief  engineer  at  $200 $200 

3  watch  engineers  at  $150 450 

3  switch-board  men       at  $125 375 

3  helpers  and  oilers       at  $  00 270 

2  machinists  at  $140 280 

12  men,  total  per  month  and  year $1,575  $18,900 

Maintenance — 1  per  cent,  of  cost  of  installation,  per  year 7,200 

Interest,  at  6  per  cent.  i>er  annum 43,200 

Amortization  at  6  per  cent,  and  re-invested  at  4)^  per  cent,  to 

redeem  capital  of  $720,000  in  15  years 43,200 

The  kilowatt-year,  figured  at  8,700  kw.-hr.  Four,  three,  two,  or  one  unit  operat- 
ing, respectively,  furnish  full,  Ht^ior^i  load,  generating  70  million,  52^  million,  35 
million  and  17}^  million  kw.-hr.  per  year  respectively.  Three  units  to  operate  continu- 
ously, one  unit  to  serve  as  stand-by.  Cooling  water  in  circulation  for  9,000  hp.  oper- 
ating continuously,  8,000  to  11,000  cu.  ft.  per  hour  without  re-cooling  arrangements. 


12,000  hp. 

9,000  hp. 

6,000  hp. 

3,000  hp. 

or  8,000  kw. 

or  6,000  kw. 

or  4,000  kw. 

or  2,000  kw. 

Kw.-hr.  per  year . . . 

70,000,000 

52,500,000 

35,000,000 

17,600,000 

Barrels 

140,000 

105,000 

70,000 

35,000 

Cost  per  Year 


Per 
Kw.-hr.. 


Per 

Kw.-hr., 

Cents 


Coat  per  Year 


Per    . 

Kw.-hr., 


Per 

Kw.-hr., 

Cents 


Cost  per  Year 


Per 
Kw.-hr.. 


Per 

Kw.-hr., 

Cents 


Cost  per  Year 


Per 
Kw.-hr., 


Per 

Kw.-hr. 

Cents 


Fud  cost 

Ubor 

Labrieation. . 
Usintenance. 


$176,000 

18,000 

30.660 

7.200 


Total  direct 

Interest  and  amortiza- 
tion  


0.2600 
0.0270 
0.0438 
0.0103 


$131,260 

18,900 

22.006 

7.200 


0.2600 
0.0360 
0.0438 
0.0137 


$231.760 1  0.3311    $180,346     0.3436 


86.400 


0.1234 


86.400 


0.4646 


Total  eost $318,160 

Cortperkw.-yr 30.81 

tlJOoQ 210.000'  0.3000 

Totslcost 343,160     0.6046 

tlTSoU 246.000     0.3500 

Totslcost 388,160     0.6646 


12  oO. 


280.000 
Total  eost i$423.160 


0.4000 
0.6046 


$266,745 
44.61 
157,600 
292,005 

183,760 
310.245 

210.000 
$346,406 


0.1646 


0.5081 

0.3000 
0.5581 

0.3500 
0.6081 

0.4000 
0.6581 


$  87.600  j  0.2600 

18.000  0.0540 

16,330  0.0438 

7.200  0.0206 


$128,030,  0.3684 
86.400'  0.2468 


$215,330     0.6152 

63.80     ,    

105,000*  0.3000 
232,830     0.6652 


$  43,760 

18,000 

7.665 

7.200 


$  77.515 


0.2600 
0.1080 
0.0438 
0.0412 


0.4420 


86.400     0.4036 


122,500 
250,330 

140.000 
$267,830 


0.3500 
0.7152 

0.4000 
0.7652 


$163,015  0.0356 

83.06        

52,500  0.3000 

172,665  0.0856 

I 

61,250  0.3500 

181,415  1.0356 


70,000 
$100,165 


0.4000 
1.0856 
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Table  2. — Cost  of  Generating  Power  with  Two  6,000-Xu?,  Steam  Turbines 

Costs  are  based  on  the  following  conditions: 

Cost  of  complete  plant $720,000 

One  unit  operates  continuously  at  full  load,  one  unit  is  stand-by. 
Cost  of  fuel  oil,  $1.25  per  bbl.  of  320  lb. 

Labor,  lubrication,  boiler  upkeep,  per  year 26,000 

Maintenance,  1  per  cent,  of  cost  of  installation,  per  year 7,200 

Interest  and  amortization,  12  per  cent,  of  cost  of  installation,  per 

year *.....        86,400 

Kilowatt-year  figured  at  8,760  kw.-hr.  Turbines  to  operate  at  180  lb.  steam  pres- 
sure, 620®  F.  steam  temperature,  80  per  cent,  boiler  efficiency,  60**  F.  inlet  tempera- 
ture, 75®  F.  discharge  temperature  of  condenser  circulating  water;  quantity  of 
cooling  water  per  6,000-kw.  unit  :  74,000  cu.  ft.  per  hr.  Commercial  generator 
efficiencies. 


Kw.-hr.  per  year. . 
Barrels 


8,000  kw. 
70,000,000 
300,000 


Cost  per  Year 


6,000  kw. 
52,500,000 
210,000 

Cost  per  Year 


4,000  kw. 
35,000,000 
150,000 


2,000  kw. 
17,500,000 
83,700 


Per 
Kw.-hr., 


Per 

Kw.-hr., 

Cents 


Per 
Kw.-hr., 


Per 

Kw.-hr., 

Cents 


Coat  per  Year 


Per 
Kw.-hr., 


Per 

Kw.-hr., 

Cents 


Fuel  cost 

Labor,  etc. . . 
Maintenance. 


Total  direct 

Interest  and  amortiza- 
tion  


Total. cost 

Cost  per  kw.-yr. 

S1.50  oil 

Total  cost 


$375,000 

25,000 

7,200 


0.5357 
0.0367 
0.0103 


$262,000     0.5000 


26,000 
7,200 


$407,200 
86,400 


0.6817 
0.1234 


$493,600     0.7051 
61.76 


$294,700 
86.400 


0.0476 
0.0137 


0.5613 
0.1646 


$1.75  oil  . . 
Total  cost. 


450,000 
568,600 

526,000 
643,600 


$2  oil 600,000 

Totol  cost 718,600 


0.6430 
0.8123 

0.7500 
0.9194 

0.8571 
1.0257 


$381,100     0.7259 
63.50     I    


316,000 
433,600 

367,500 
486,100 

420,000 
538,600 


0.6000 
0.8259 

0.7000 
0.9259 

0.8000 
1.0259 


$187,000 

25,000 

7,200 


$219,200 


0.5367 
0.0715 
0.0206 


0.6278 


86,400  t  0.2468 


Cost  per  Y'ear 

Per 
Kw.-hr.. 

Per 

Kw.-hr., 

CenU 

$104,625 

25,000 

7,200 

0.6000 
0.1430 
0.0412 

$136,825 
86,400 

0.7842 
0.4936 

$306,600 
76.60 
226.000 


343,100     0.9818 


262,500 
380.600 

300.000 
418.100 


0.8746    $223,225  1.2778 

111.70 

0.6430      126,500  0.7171 

244.200  1.3949 


0.7500 
1.0890 

0.8571 
1.1962 


146.376     0.8342 
265,124     1.5120 


167.250 


0.9613 


286.060,   1.6291 


The  last  three  double  columns  show  the  effect  of  increased  cost  of  fuel  oil  on  power  cost,  the  total 
fuel  cost  being  shown,  as  well  as  the  total  cost  of  power,  which  is  merely  increased  in  proportion  to  the 
increased  fuel  expenditure. 


The  higher  the  cost  of  fuel  and  the  load  f afctor,  the  greater  will  be  the 
proportion  of  the  fuel  to  the  other  costs  making  up  the  total  cost  of 
generating  power.  Capital  charges  (interest  and  redemption),  main- 
tenance, operating  labor,  and  lubrication  are  practically  constant  amounts 
regardless  of  the  load-output  of  the  station;  the  fuel  consumption  and 
its  cost  are  practically  the  only  variables  with  the  load. 

The  costs  here  given  are  based  on  conditions  as  generally  found  in 
the  Southwestern  States,  and  on  Diesel  engine  operating  experience  in 


HBHBBBT  HAAS  1175 

European  countries,  where  this  type  of  prime  mover  has  reached  a  high 
state  of  perfection,  units  upward  of  4,000  hp.  having  proved  entirely 
successful  in  operation. 

This  paper  will  not  deal  with  questions  of  design,  nor  types  of  engines, 
as  much  space  would  be  needed  to  do  justice  to  the  large  number  of 
excellent  makes  of  engines.  It  is  assumed  that  the  reader  has  a  general 
knowledge  of  Diesel  engines. 

The  reasons  favoring  the  selection  of  two  6,000-kw.  steam  turbines 
and  four  2,000-kw.  Diesel  engine  generating  sets,  can  be  briefly  stated  as 
follows: 

1.  Uninterrupted  power  service  is  essential,  as  failure  of  power  would 
entail  far  greater  losses  in  operating  revenue  than  the  interest  on  the 
cost  of  the  reserve  turbine  unit. 

2.  The  selection  of  two  6,000-kw.  rather  than  three  3,000-kw.  steam 
turbines  is  made  on  account  of  the  grpater  efficiency  of  a  6,000-kw.  over 
two  3,000-kw.  units,  the  load  to  be  supplied  being  nearly  6,000-kw. 
continuously.  (In  plants  with  fluctuating  loads  which  can  be  supplied 
by  one  or  more  smaller  units  operating  in  parallel  during  different 
portions  of  the  day,  each  unit  operating  at  or  near  its  full-load  capacity, 
a  number  of  small  units  is  justified;  such  diversified  load  conditions,  bow- 
ever,  apply  mainly  to  central  stations  in  cities,  rather  than  mine,  mill, 
and  smelter  power  plants,  which  have  invariably  a  high  load  factor 
during  the  entire  day.) 

3.  The  reserve  boiler  capacity  would  .be  an  additional  third  of  the 
boiler  capacity  in  continuous  operation,  regardless  of  size  of  turbines 
selected.  The  extra  cost  of  the  surplus  turbine  capacity  by  reason  of 
installing  two  6,000-kw.  instead  of  three  3,000-kw.  turbines  is  there- 
fore moderate  when  taking  future  power  costs  and  other  factors  into 
consideration. 

4.  The  selection  of  four  2,000-kw.  Diesel  engine  units  is  justified  on 
the  ground  that  larger  engines  are  not  any  more  efficient  in  fuel  economy, 
and  the  relatively  much  higher  cost  of  this  prime  mover  ^  makes  it  policy 
to  reduce  reserve  capacity  to  a  safe  minimum.  An  excessive  number  of 
small  Diesel  units  should  also  be  avoided,  as  the  cost  per  kilowatt  of  in- 
stalled power-plant  increases,  and  the  multiplication  of  cylinders,  valves 
and  engine  parts  to  be  taken  care  of«  increases  maintenance  and  labor 
charges. 

The  heat  utilization  and  cooling-water  requirements  of  Diesel  engines 


^  A  Diesel  engine  with  its  direct-connected  compressor,  alternator  and  exciter  is  a 
complete  prime  mover,  and  should  be  compared  with  a  complete  steam-power  plant 
comprising  boiler  and  condenser  equipment,  turbine  and  generator.  Diesel  engines 
are  simple  in  that  the  installation  is  compact,  comprising  few  parts,  and  occupying 
only  about  50  to  60  per  cent,  of  the  space  of  a  steam-turbine  installation  of  like 
power. 
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and  steam  turbines  at  full  load  are  graphically  shown  in  Fig.  2  for  unite 
of  2,000  hp. 

In  general,  the  selection  of  either  type  of  prime  mover  will  be  governed 
by  the  following  economic  considerations: 

1.  Fuel  is  of  chief  influence  on  the  total  power  cost  where  both  the 
B.t.u.  price^  and  load  factor  are  high.  These  conditions  favor  the  use  of 
the  Diesel  engine. 

2.  Interest  and  redemption  (amortization)  are  of  chief  influence  on 
the  total  power  cost  with  low  B.t.u.  price  and  low  load  factor;  this  applies 
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Fig.  2. — Coi£parati\'e  Efficiencies  of  Steam  Turbines  and  Diesel  Engines 

OF  2,000  Effective  Horsepower. 


particularly  to  stand-by  plants,  which  are  operated  only  occasionally  or 
have  to  supply  recurring  peak  loads.  The  installation  cost  of  such  plants 
must  be  kept  as  low  as  possible  so  as  to  avoid  heavy  capital  charges  dis- 
tributable over  a  relatively  small  kilowatt-hours  output  of  the  station. 
Such  conditions  favor  the  steam  turbine. 

3.  Exceptions  to  (2)  are  cases  where  the  constant  and  instant  readi- 
ness of  the  Diesel  engine  give  it  preference,  and  installation  cost  is  of 
secondary  importance.  Here  we  would  have  to  balance  the  cost  of  keep- 
ing boilers  under  steam  continuously  against  the  difference  of  interest 
charges  of  steam-turbine  and  Diesel  engine  plants. 


*  By  B.t.u.  price  is  meant  the  price  or  cost  for  a  given  number  of  B.t.u.,  say  1,000,- 
000  B.t.u.,  all  fuel  prices  being  reduced  to  this  standard  of  comparison. 
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4.  Power  plants  located  at  the  source  of  the  fuel,  either  in  the  oil 
fields,  or  at  the  coal  mine,  and  therefore  enjoying  the  advantages  of  a 
very  cheap  fuel  supply,  will  select  prime  movers  costing  least  to  install, 
i.e,f  steam  turbines,  since  fuel  expenditures  will  weigh  less  than  interest 
and  redemption  charges. 

5.  In  many  cases  combination  plants  using  Diesel  engines  for  supply- 
ing the  continuous  and  nearly  constant  main  load,  and  steam  turbines 
for  furnishing  periodically  occurring  peaks  by  the  use  of  high-duty 
boilers  with  large  water  and  steam  spaces,  capable  of  being  forced  when 
necessary,  will  prove  most  profitable.  Thus,  as  an  example,  the  periodical 
peaks  produced  in  hoisting  may  be  taken  care  of  by  a  turbine  floating  on 
the  line  and  operating  in  parallel  with  Diesel  engines  that  supply  the 
main  load  and  operate  constantly  at  or  near  full  load. 

6.  Steam  power  will  remain  the  cheapest  power  wherever  waste-heat 
gases  are  available,  as  for  instance  gases  from  reverberatory  smelting 
furnaces,  where  nearly  one-half  of  the  fuel  used  in  smelting  can  be 
utilized  for  steam  generation.  Nearly  3,000,000  B.t.u.  for  every  ton  of 
charge  smelted  are  thus  available  for  steam  generation,  or  about  150  hp.- 
hr,  per  ton  of  charge. 

7.  Up  to  capacities  of  1,000-hp.  steam  turbines  can  compete  with 
Diesel  engines  only  in  special  cases,  such  as  supplying  exhaust  steam  for 
heating  purposes.  For  such  small  units,  particularly  for  greatly  varying 
loads,  high-grade  reciprocating  steam  engines  are  preferable.  For  larger 
plants,  from  1,000  to  10,000*  kw.  capacity,  careful  analysis  must  be 
made  of  the  relative  advantages  of  Diesel  engines  and  turbines,  a  knowl- 
edge of  the  load  factor,  fuel  prices  and  water  conditions  being  necessary. 
Power  plants  larger  than  10,000  kw.  using  units  from  6,000  kw.  upward, 
preferably  use  steam  turbines,  unless  a  combination  of  high  load  factor, 
high  fuel  cost,  and  poor  water  conditions  favor  a  Diesel  plant.  This  is 
a  special  condition  frequently  met. 

Fuel  Costs 

In  comparing  prices  of  different  kinds  of  fuel,  such  as  gas,  coal, 
or  liquid  fuels,  it  is  well  to  reduce  all  fuel  prices  to  a  common  basis  of 
absolute  cost  for  1,000,000  B.t.u.  We  have,  then,  for  the  cost  of  1,000,000 
B.t.u.  transformed  into  mechanical  work: 

Cost  of  1,000,000  B.t.u. 


Over-all  thermal  efficiency  of  plant 

and  the  fuel  cost  per  brake  horsepower-hour  = 

Cost  of  1,000,000  B.t.u.  X  2,545 
Over-all  thermal  efficiency  X  1,000,000 
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Oil  C«U  BiMd  on  1  Bbl.  ContutUDB  S.OOI 
Coal  CwM  Bued  on  I  lb.  ContuninB  13,000  ai 

—Diagram  Showinq  Couparative  Costs  of  Steam  Turbine  and  Diesel 
Engine  Plants  at  Given  Fdbl  Price  and  Load  Factor. 
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Knowing  the  thermal  efficiencies  of  different  prime  movers,  we  can 
then  arrive  at  the  absolute  fuel  cost  of  each  per  brake  horsepower-hour 
with  different  kinds  of  fuel.  Thermal  efficiencies  of  steam  engines  and 
turbines  vary  from  6  per  cent,  operating  simple  and  non-condensing  to 
16  per  cent,  with  large  units,  depending  on  size,  and  operating  condi- 
tions; and  of  Diesel  engines  from  30  to  35  per  cent.,  at  full  load.  Thus, 
for  a  steam  plant  with  a  12  per  cent,  efficiency,  an  absolute  heat  price 
of  I2c.  for  1,000,000  B.t.u.  comes  to  100c.  for  every  1,000,000  B.t.u. 
turned  into  effective  mechanical  work,  whereas  for  a  Diesel  engine  plant 
with,  say  30  per  cent,  efficiency,  1,000,000  B.t.u.  transformed  into  effect- 
ive mechanical  work  would  cost  only  40c.,  and  the  respective  costs 
per  brake  horsepower-hour  would  be  0.2545c.  and  0.1018c. 

Where  a  supply  of  liquid  fuel  is  available,  the  sound  economic  applica- 
tion of  steam  turbine  and  Diesel  engine  is  determined  by  fuel  prices,  and 
load  factor.  The  graph  in  Fig.  3  shows  at  a  glance  whether  a  steam 
turbine  or  a  Diesel  engine  power  plant  is  in  place  with  a  given  fuel  price 
and  load  factor.  The  abscissse  denote  absolute  fuel  prices  for  each 
1,000,000  B.t.u.  These  prices  are  translated  into  corresponding  fuel 
prices  per  short  ton  (2,000  lb.)  of  bituminous  coal  having  a  fuel  value 
of  12,000  and  14,000  B.t.u.  per  pound  and  per  barrel  of  oil  containing 
6,000,000  B.t.u.  The  ordinates  denote  costs.  The  power  costs  repre- 
sented by  the  curves  include  capital  costs  and  fuel  costs,  but  not  operat- 
ing labor,  this  being  about  the  same  for  either  type  of  plant,  except  for 
very  large  steam-turbine  plants  with  units  above  6,000  kw.,  which  require 
less  operating  labor  than  Diesel  engines  and  with  which  the  latter  can 
compete  only  under  special  conditions.  The  capital  charges  cover 
interest,  amortization  and  maintenance,  and  are  taken  as  15  per  cent,  of 
the  cost  per  kilowatt  of  installed  plant  capacity,  which  is  for  a  complete, 
modern  power  plant  with  prime  movers,  switchboard  equipment,  and 
building,  including  necessary  accessories,  but  without  transformers  or 
transmission  line.  The  installation  costs  varying  with  size  of  plant  and 
locality,  three  different  costs  per  kilowatt  of  installed  capacity  are  con- 
sidered for  each  type  of  prime  mover.  For  the  turbine  plant,  $60,  $80, 
SlOO,  and  for  the  Diesel  plant  $100,  $120,  and  $140;  15  per  cent,  of  these 
respective  amounts  are  the  capital  charges  added  to  the  fuel  costs,  the 
curves  marked  "full  load"  showing  the  combined  cost  per  kilowatt-year 
(8,760  kw.-hr.)  of  fuel  and  capital  charges,  the  cost  per  kilowatt-year 
being  shown  in  dollars  in  the  ordinates. 

The  curves  marked  "quarter  load"  cover  fuel  cost  for  one-fourth 
kw.-year  (or  2,190  kw.-hr)  and  the  same  capital  charges  as  for  full 
load;  to  arrive  at  the  cost  per  kilowatt-year  (8,760  kw.-hr.)  at  quarter 
toad,  the  amount  shown  in  dollars  must  be  multiplied  by  four.  This 
product  divided  by  8,760  will  give  the  true  cost  per  kilowatt-hour  gener- 
ated at  quarter  load. 
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Any  other  fractional  load  cost  can  be  obtained  by  interpolation. 
An  example  will  best  illustrate  the  use  of  the  graph:  With  a  turbine 
plant  costing  S60  per  kw.  of  capacity  and  a  Diesel  plant  $100,  the  curve 
marked  "steam  turbine  $60  kw.  full  load  16  per  cent,  efficiency," 
will  be  seen  to  intersect  the  curve  "Diesel  $100  per  kw.  full  load  32  per 
cent,  efficiency"  at  a  fuel  cost  of  6c.  per  1,000,000  B.t.u.  and  the  cost 
per  kilowatt-year  (8,760  kw.-hr.)  is  $21.  Under  these  conditions,  the 
costs  being  equal  for  both  prime  movers,  it  would  not  pay  to  use  a  Diesel 
plant,  a  turbine  plant  having  certain  mechanical  advantages!  To  the 
right  of  the  intersection  of  these  two  curves,  i.e.,  with  an  increase  in  the 
'^  price  of  fuel,  the  Diesel  engine  is  the  more  economical  prime  mover. 
Assuming  a  20c.  fuel  cost  per  1,000,000  B.t.u.,  we  find  a  cost  of  $35  per 
kw.-year  at  full  load  for  the  Diesel  plant,  and  $49  for  the  turbine  plant 
(16  per  cent,  efficiency),  the  difference  of  $14  representing  the  fuel  saving 
per  kilowatt-year  of  the  Diesel  plant  under  full-load  conditions.  A 
plant  of  2,000  kw.  would  save  $28,000  per  year.  The  corresponding 
curves  marked  one-fourth  load  will  be  seen  to  intersect  at  a  fuel  cost 
of  13J^c.  per  1,000,000  B.t.u.  and  a  cost  of  $19.20  for  2,190  kw.-hr. 
(^.load).  The  kilowatt-year  at  quarter-load  conditions  would  cost 
4  X  $19.20  =  $76.80.  In  this  case,  Diesel  engines  would  only  pay  if  the 
fuel  costs  were  higher  than  133^c.  per  1,000,000  B.t.u.  The  divergence 
to  the  right  between  these  curves  indicates  the  fuel  saving  above  capital 
charges  for  the  Diesel  engine  (or,  to  the  left,  saving  in  capital  charges 
above  fuel  saving,  with  turbines)  per  kilowatt  at  quarter  load.  At  20c. 
for  1,000,000  B.t.u.,  this  divergence  shows  ($24-$21.20)  a  net  saving  of 
$2.80  for  the  Diesel  plant  per  kilowatt-year,  for  each  2,190  kw.-hr.  per  year 
04  load).  For  75  and  50  per  cent,  load  factor,  the  critical  fuel  prices 
can  be  ascertained  by  taking  the  difference  between  those  at  quarter  and 
full  loads,  and  adding  two-thirds  of  this  difference  to  the  amount  corre- 
sponding to  quarter  load  to  arrive  at  75  per  cent,  load,  and  adding  one- 
third  of  the  difference  to  the  amount  for  quarter  load  to  arrive  at  50  per 
cent.  load.  Any  other  critical  fuel  prices  for  other  load  conditions  can 
be  easily  ascertained  by  interpolation. 

It  will  be  seen  that  curves  based  on  12  and  16  per  cent,  efficiency  of 
steam-turbine  plants  are  given.  The  higher  figure  is  secured  only  with 
large  units  in  sizes  from  10,000  kw.  upward.  (These  refer  to  the  over-all 
efficiency  of  the  entire  power  plant.)  For  smaller  units,  up  to  2,000  kw., 
12  per  cent,  represents  good  average  practice.  How  a  decrease  in 
thermal  efficiency  favors  the  Diesel  engine  is  strikingly  shown  by  the 
curves  for  the  steam  turbine,  with  12  per  cent,  efficiency  at  full  and 
quarter  load. 

To  secure  complete  power  costs,  the  cost  of  operating  labor  and 
lubrication  must  be  added  to  the  above  costs.  The  labor  cost  per  kilo- 
watt-year varies  greatly  with  the  size  of  the  plant.     Fig.  4  shows  average 
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labor  operating  charges  per  kilowatt-year  at  full  load  for  different-eized 
Diesel  engine  plants.  This  labor  charge  remuns  practically  constant, 
r^ardleBS  of  load  variations,  so  that  with  fractional  loads  the  labor 
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iocreaees  in  inverse  proportion.  In  turbine  and  Diesel  plants  here  con- 
cddered,  the  labor  cost  is  about  the  same  for  either  type  of  plant,  as  any 
increased  attendance  required  by  Diesel  engines  is  offset  by  firemen,  water 


Fio,  6. — HiaH-l)im,  4,000-Hp.  Diesel  ENOirfs. 

tenders,  and  usual  operatii^  force  of  turbine  plants.  The  cost  for 
lubrication  is  considerably  higher  for  Diesel  plants  than  for  turbine  plants, 
and  amoimts  to  from  t2  to  M  per  kilowatt-year,  depending  on  the  type  of 
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lubricating  S3rsteni  used  and  the  care  of  oilers.  As  a  rule,  a  number  of 
units  are  used  in  large  Diesel  installations,  so  that  the  lubrication  expense 
is  nearly  proportional  to  the  load,  as  with  a  decrease  in  load,  units  can 
be  shut  down.  In  turbine  plants  this  greater  expense  for  Diesel  engines 
is  partly  balanced  by  the  large  amount  of  water  required  for  condensing. 
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which  is  12  to  20  times  greater  than  the  supply  needed  for  cooling  Diesel 
engines.  Only  in  plants  with  units  in  excess  of  6,000  kw.  have  turbines 
decided  advantages  over  Diesel  engine  plants. 

Fig.  5  is  a  good  example  of  a  high-duty  4,000-hp.  Diesel  engine.  In 
conclusion,  Fig.  6  shows  the  present  status  of  different  types  of  prime 
movers,  expressed  in  thermal  balances. 
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It  is  hoped  that  the  above  notes  will  be  found  helpful  to  those  having 
to  select  the  most  economical  prime  mover  to  meet  certain  conditions, 
either  turbines  or  Diesel  engines  having  a  wide  field  of  usefulness;  a  com- 
bination of  both  types  often  best  meets  particular  conditions.  The 
selection  should  be  governed  by  the  above  discussed  economic  considera- 
tions, the  most  important  of  which  will  always  be  the  fuel  price  and  load 
factor. 
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Comparisons  between  Blectrol]rtic  and  Two  Varieties  of  Arsenical  Lake 
Copper  with  Respect  to  Strength  and  Ductility  in  Cold-Worked 

and  Annealed  Test  Strips'^ 

BT  C.  H.   MATHBWBON,t  PH.   D.,   NEW  HAVSN,  CONN.,   AND  B.   M.   TH ALHBIICBB,  § 

NBW  HAVEN,  CONN. 

(Arisona  Meeting,  September,  1016) 

Character  of  the  Work  in  Hakd 

In  planning  the  present  experiments,  we  have  made  a  particular 
effort  to  secure  that  adjustment  of  working  conditions  which  would 
render  the  forthcoming  tests  most  serviceable  by  way  of  indicating  the 
comparative  properties  of  the  three  different  commercial  grades  of  copper 
used.  More  specifically,  we  have  endeavored  to  obtain  certain  definite 
information  with  respect  to  the  relative  behavior  under  test  of  ordinary 
electrolytic  copper  and  furnace-refined  lake  copper  containing  (a)  a 
moderate  percentage  of  arsenic  and  (b)  a  rather  large  percentage  of  arsenic, 
in  addition  to  the  usual  content  of  silver  and  other  impurities. 

These  comparisons  were  made  systematic  and  comprehensive  by  test- 
ing throughout  a  series  of  (eight)  reductions  running  from  0  to  70  per 
cent,  in  the  case  of  cold-rolled  metal,  and  throughout  a  series  of  (15) 
temperatures  running  from  100°  C.  to  1,000°  C.  in  the  case  of  annealed 
metal.  In  other  words,  a  survey  of  properties  similar  to  that  made  by 
Grard,^  in  the  case  of  electrolytic  copper,  was  here  repeated  (with  modi- 
fications) and  extended  to  two  other  commercial  varieties  of  copper. 

The  great  importance  of  copper  both  as  a  material  of  construction 
^d  as  the  base  of  our  most  important  alloys  (aside  from  steel)  has  led 
to  innumerable  investigations  of  its  properties,  particularly  in  commercial 
forms.  Naturally,  the  merits  of  furnace-refined  lake  coppers  vs,  those 
of  the  very  pure  electrolytic  product  have  furnished  the  subject  of  much 
experimental  work  and  animated  discussion,  wherein  the  effect  of  arsenic 

*  Metallographic  communication  from  the  Hammond  Laboratory  of  the  Sheffield 
Scientific  School,  Yale  Univernty. 

t  Aaaistant  Professor  of  Metallurgy,  Sheffield  Scientific  School,  Yale  University. 

i  Graduate  Student,  Sheffield  Scientific  School. 

^C.  Grard:  Cuivre  et  Laitons  k  Cartouches,  ReviLe  d'AriiUerie,  February- April, 
1909. 
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has  by  no  means  been  overlooked.  In  the  literature  of  the  past  10  years, 
we  have  found  a  number  of  papers  in  which  the  ordinary  mechanical 
properties  of  various  brands  of  copper  have  been  compared  after  more 
or  less  limited  or  arbitrary  forms  of  treatment,  but  no  paper  describing 
comparative  tests  after  systematic  variation  of  thermal  and  mechanical 
treatment.  While  much  of  this  material  is  valuable,  nevertheless,  owing 
to  its  diverse  and  fragmentary  character,  we  have  not  thought  it  desirable 
to  use  it  as  a  general  basis  for  discussion  in  connection  with  our  own  testSj 
or,  indeed,  to  attempt  any  critical  review  of  the  literature  bearing  upon 
the  present  subject. 

It  may  be  remarked  that  our  experiments  do  not  deal  with  the  effect 
of  arsenic  in  the  absence  of  other  common  impurities — Uttle  or  no 
progress  appears  to  have  been  made  in  this  direction  since  the  publication 
of  Bengough  and  Hill's  experiments  in  1910* — but  refer  exclusively  to 
comparisons  between  electrolytic  copper  and  two  arsenical  brands  pro- 
duced by  the  Michigan  Smelting  Co.  throughout  a  wide  range  of  treat- 
ment. It  is  our  belief  that  the  interests  of  consumers  and  other  parties 
to  whom  comparative  tests  are  of  value  may  best  be  served  by  simple 
presentation  of  the  results  of  these  tests,  leaving  special  questions  of 
interpretation  in  the  hands  of  any  interested  reader.  Summaries  of 
recent  literature  dealing  with  the  properties  and  structure  of  copper  in 
various  forms  may  be  found  in  Hofman's  Metallurgy  of  Copper^  and  in 
reports  of  the  Symposium  on  the  Metallurgy  of  Copper,  presented  at 
the  meeting  of  the  International  Engineering  Congress,  1915,  in  San 
Francisco.* 

It  may  also  be  appropriate  to  remark  that  we  have  restricted  our 
work  to  the  determination  of  tensile  strength  (maximum-load  strength), 
elongation,  and  reduction  of  area — properties  which  are  used  as  a  basis 
for  judgment  as  to  quaUty  affecting  most  engineering  requirements. 
Since  there  are  other  criteria  of  judgment — some  specific  and  capable  of 
routine  development,  such  as  the  determination  of  elastic  limit,  modulus 
of  elasticity  and  of  strength  properties  under  different  forms  of  loading, 
or  at  elevated  temperatures;  others  not  so  well  standardized,  but,  never- 
theless, susceptible  to  quantitative  treatment,  such  as  electrochemical 
potential  (rate  of  solution),  varied  chemical  behavior,  etc.;  and  still 
others  which  can  only  be  gaged  by  manufacturing  or  service  condition'St 
such  as  surface  qualities,  or  peculiarities,  during  drawing  operations — 
we  have  by  no  means  exhausted  the  possibiUties  of  comparison  in  the 
present  series  of  tests. 


'  G.  D.  Bengough  and  B.  P.  Hill:  The  Properties  and  Constitution  of  Copper- 
Arsenic  Alloys,  Journal  of  the  InsiitiUe  of  MetalSy  vol.  3,  pp.  34r-97  (1910). 

*  McGraw-HiU  Book  Co.,  New  York,  1914. 

*  Papers  by  William  Campbell  on  the  Metallography  of  Copper  and  by  C.  R.  Hay- 
wood on  the  Physical  Properties  of  Copper. 
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Questions  of  homogeneity  with  respect  to  the  distribution  of  oxide 
and  other  micrographic  features  have  been  dealt  with  in  a  limited  sense 
in  the  present  paper,  as  have  questions  of  resistance  to  the  destructive 
agency  of  reducing  gases  during  heat  treatment  ('' gassing''  of  copper). 

It  has  not  been  possible  to  investigate  the  effect  of  degree  of  deforma- 
tion (reduction  by  rolling)  and  of  time  in  coordination  with  temperature 
and  strength  properties  in  connection  with  the  annealing  experiments; 
since  such  an  elaboration  of  the  work  would  necessitate  the  performance 
of  several  thousand  instead  of  several  hundred  individual  tests.  A  gen- 
eral treatment  of  this  subject  has  been  attempted  by  one  of  us^  and  three- 
dimensional  annealing  diagrams  (degree  of  deformation,  percentage  de- 
crease in  tensile  strength,  temperature  for  definite  period  of  anneal;  de- 
gree of  deformation,  percentage  decrease  in  tensile  strength,  period  of 
anneal  at  constant  temperature),  based  upon  a  Umited  amount  o^  ex- 
perimental work  in  the  case  of  "magnesium  bronze"  (copper,  deoxidized 
with  magnesium)  have  been  given  by  von  Mtiller.' 

After  due  consideration  of  the  questions  raised  above,  we  decided  to 
use  an  annealing  period  of  40  min.  and  a  degree  of  deformation  amounting 
to  a  50  per  cent,  reduction  in  area  of  section  by  cold-rolling  as  a  basis  for 
all  annealing  tests.  Such  procedure  is  not  inconsistent  with  ordinary 
annealing  practice  and  cannot  fail  to  develop  the  principal  anneaUng 
characteristics  of  the  material  in  hand. 

Composition  of  the  Metal  Tested 

Metal  was  sent  to  the  rolling  mill  in  the  form  of  commercial  cakes, 
14  by  17  by  3  in.,  weighing  in  the  neighborhood  of  276  lb. 

Two  of  these  cakes  were  cast  at  the  works  of  the  Michigan  Smelting 
Co.,  Houghton,  Mich.,  and  these  represent  the  average  quaUty  of  brands 
known  as  Mohawk  and  Copper  Range  copper,  respectively.  The  other 
cake  was  obtained  from  The  United  States  Metals  Refining  Co.  ("DRW" 
copper)  and  is  taken  to  represent  electrolytic  copper  of  average  quaUty. 

Determinations  of  oxygen  and  arsenic  were  made  in  the  laboratory 
of  the  Michigan  Smelting  Co.  Determinations  of  silver  were  made  in 
the  Hammond  Laboratory. 

Details  of  analytical  procedure  need  not  be  introduced.  All  deter- 
minations were  made  by  experienced  chemists  and  we  have  every  confi- 
dence in  their  accuracy.  No  determination  was  made  of  the  very  small 
quantities  of  iron,  sulphur,  nickel,  cobalt,  tellurium,  etc.,  which  may  be 
present  in  the  metal. 

*C.  H.  Mathewson:  A  Metaliographic  Examination  of  Some  Ancient  Bronzes. 
American  Journal  of  Science^  Series  4,  vol.  40,  pp.  660-556  (1916). 

'von  Mflller:  Beitrag  zur  Erkenntniss  des  Einflusses  der  Gluhdauer  auf  die  Er- 
weichung  verschieded  stark  gereckter  Leitungsbronze,  Metall  und  Erzj  Neue  Folge, 
vol.  3,  pp.  213-220  (1916). 
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The  analytical  results  follow: 

Oxygen, 
Per  Cent. 

Anenio, 
Per  Cent. 

SUver 

Per  Cent. 

Ounces 

Electrolytic  copper 

0.071 
0.052 
0.055 

0.000 
0.096 
0.296 

0.0005 

0.069 
0.052 

0.15 

Mohawk  copper 

20.0 

Copper  Ranse  copper 

15.0 

Previous  History  of  Test  Pieces  and  Experimental  Procedure 

The  experimental  work  was  divided  into  two  parts:  (1)  determination 
of  the  alteration  in  strength  and  ductility  (strain  hardening)  produced 
by  rolling  the  three  kinds  of  material  from  an  initially  soft  condition 
through  a  series  of  reductions  as  specified  below,  and  (2)  determination 
of  the  alteration  in  strength  and  ductility  (removal  of  strain  hardening) 
brought  about  by  annealing  the  three  kinds  of  material  after  a  previous 
reduction  of  50  per  cent,  in  area  of  section  by  rolling. 

Accordingly,  two  separate  sets  of  test  strips  were  prepared.  In  pre- 
paring both  sets,  the  original  cake  was  first  planed  to  a  thickness  of  2  in., 
then  hot-rolled  and  finally  cold-rolled  and  annealed  before  variation  in 
treatment  designed  to  produce  the  two  different  sets  of  test  strips  was 
introduced.  This  procedure  insured  the  production  of  test  strips  which 
had  been  thoroughly  worked,  both  hot  and  cold,  under  conditions  which 
are  representative  of  the  treatment  commonly  received  by  most  mill 
products  of  this  sort. 


Preparation  of  the  First  Set  of  Test  Strips 

One  of  two  methods  may  be  selected  in  preparing  a  set  of  test  strips 
of  different  tempers  (set  1  according  to  the  above  designation),  i.e.,  the 
strips  may  be  finished  at  a  succession  of  gages,  or  all  of  them  may  be 
finished  at  the  same  gage. 

Steps  (a),  (6),  and  (c),  of  the  accompanying  diagram.  Fig.  1,  represent 
the  preUminary  stages  of  rolling  which  may  be  considered  common  to 
both  methods.  The  relative  changes  in  thickness  from  one  stage  of 
reduction  to  another  are  correctly  shown  in  the  sketches  and  the  actual 
gages  and  percentage  reductions  between  stages  are  written  into  the 
sketches.  Sketch  (a)  represents  the  original  cake  planed  to  a  thickness 
of  2  in.;  sketch  (6)  represents  the  material  after  hot-rolling  to  gage  No.  0, 
B.  &  S.  (0.326  in.),  a  reduction  of  83.75  per  cent.;  and  sketch  (c)  repre- 
sents this  material  after  cold-rolling  to  gage  No.  8  (0.128  in.),  a  reduction 
of  60.6  per  cent.    At  this  point  the  metal  is  annealed. 
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If  it  is  desired  that  the  final  product  shall  be  obtained  according  to 
the  first  method,  the  annealed  metal  (c)  is  cut  into  strips  which  are  rolled 
to  a  series  of  measured  reductions,  in  which  case  the  thickness  will  de- 
crease progressively  from  that  of  the  first  strip  (minimum  reduction)  to 
that  of  the  last  (maximum  reduction). 

This  method  was  adopted  in  the  present  investigation  and  the  numeri- 
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Fio.  1. — Diagram  to  Represent  Preparation  op  Test  Strips. 


cal  specifications  sent  to  the  mill'  to  cover  this  part  of  the  work  are  written 
into  sketch  (d)  of  Fig.  1,  which  represents  the  series  of  eight  strips  com- 
posing this  set.  For  convenience,  even  B.  &  S.  gage  numbers  running 
from  8  to  18  (exception,  83^)  were  used  to  limit  the  separate  stages. 
The  percentage  of  the  initial  thickness  (0.128  in.  in  all  cases)  taken  oflf  in 

'The  material  used  in  all  of  the  tests  described  in  this  paper  was  rolled  by  the 
Bridgeport  Brass  Co. 
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the  reduction  is  entered  below  the  value  for  the  final  thickness  under  the 
sketch  of  each  respective  strip.     Thus,  in  the  case  of  the  last  strip: 

0.128  in.  (initial  thickness)  —  0.040  (final  thickness)  w  in^  _  aq  q 
I  0.128  in.  (initial  thickness) 

In  view  of  the  convenient  survey  of  the  rolling  stages  aflforded  by  the 
sketches  of  Fig.  1,  it  appears  superfluous  to  draw  up  a  table  of  the  data 
involved. 

If  it  is  desired  that  the  final  product  shall  be  obtained  according  to 
the  second  method  (which  was  not  used  in  these  experiments),  stages 
(cO  and  (d")  may  be  substituted  for  stage  (d).  According  to  (c'),  the 
metal  from  (c)  is  cut  into  strips  which  are  given  a  series  of  reductions 
as  shown,  so  that,  after  annealing  the  lot,  another  set  of  reductions  will 
produce  test  pieces  of  the  same  thickness,  but  different  tempers,  as  indi- 
cated in  (d'O-  III  order  to  make  the  comparison  perfectly  clear,  the  re- 
ductions marked  in  sketch  (c')  have  been  calculated  so  as  to  yield  the 
same  series  of  reductions  after  the  strips  have  been  rolled  to  a  final  prod- 
uct of  uniform  thickness  (0.040  in.)  as  was  obtained  in  the  final  product 
according  to  the  first  method.  These  reductions  are  marked  in  sketch 
id"). 

Since  we  had  to  consider  carefully  the  respective  advantages  of  these 
two  methods,  it  sterns  appropriate  to  devote  some  space  to  a  considera- 
tion of  this  subject.  It  is  unquestionably  desirable,  other  things  being 
equal,  to  perform  all  tests  upon  strips  of  the  same  cross-sectional  area. 
The  relation  between  surface  and  volume  of  the  test  piece  influences  to 
some  extent  the  testing  value  calculated  per  unit  of  sectional  area.  There 
appears  to  be  a  "skin  effect"  which  tends  to  produce  higher  values  of 
tensile  strength  in  thin  specimens  than  in  thick  specimens.  Notably,  in 
very  thin  specimens,  the  testing  results  are  considerably  dependent  upon 
the  surface  conditions  of  the  test  piece  and  comparatively  insignificant 
scratches,  or  indentations,  may  lead  to  premature  rupture.® 

There  are,  however,  certain  diflSculties  in  the  way  of  producing  a 
satisfactory  set  of  test  strips  of  uniform  thickness  and  varying  percentages 
of  reduction.  In  the  first  place,  the  different  samples  must  receive  differ- 
ent amounts  of  work  before  the  necessary  anneal  which  precedes  the 
final  impression  of  a  graded  series  of  reductions  bringing  all  strips  to  the 
same  finishing  thickness.  This  means  that  the  micrographic  character- 
istics, notably  grain  size,  of  the  different  strips  cannot  be  uniform;  those 
which  received  a  heavy  reduction  before  the  anneal  will  possess  a  more 
highly  refined  grain  than  those  which  received  a  light  reduction.     It  is 


'  Metallographists  are  generally  familiar  with  the  phenomenon  of  surface  flow, 
first  demonstrated  by  Beilby,  which  produces  a  surface  hardening,  quite  marked  in  the 
case  of  soft  metals  such  ajs  copper,  during  any  ordinary  process  of  surface  dressing  or 
finishing. 
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true  that  we  may  depart  somewhat  from  the  order  of  changes  sketched 
in  (c)  and  {d)  of  Fig.  1  by  cold-rolling  in  (c)  to  a  lesser  degree,  say,  to 
gage  0.220  in.,  instead  of  gage  0.128  in.,  omitting  the  anneal  at  this  point, 
and  continuing  the  roUing  so  as  to  produce  strips  of  the  gages  shown  in 
((/).  All  of  these  strips  would  then  have  received  comparatively  heavy 
reductions  and  grain  refining  would  be  more  uniform  in  the  ensuing  anneal. 
This  procedure  would  modify  but  not  entirely  remove  the  difficulty  in 
question. 

From  a  practical  standpoint,  there  would  be  no  check  on  the  rolling- 
mill  work,  since  the  different  gages  in  the  intermediate  product  are  all 
reduced  to  the  same  gage  in  the  final  product  and  any  departure  from 
specifications  in  the  intermediate  work  could  not  be  recognized  in  the 
final  product.  This  is  serious,  because  such  inaccuracies  might  greatly 
influence  the  temper  of  the  product,  particularly  in  the  case  of  light  re- 
ductions. It  may  be  noted,  in  this  connection,  that  to  produce  a  final 
product  of  gage  0.040  in.,  having  a  reduction  of  5.4  per  cent.,  the  strip  is 
required  to  be  only  0.0423  in.  thick  before  rolling.  This  requirement 
is  too  rigid  for  ordinary  mill  work.  When  the  same  reduction  is  made 
according  to  the  first  method,  it  is  performed  upon  a  thicker  strip  and 
0.007  in.,  instead  of  0.0023  in.,  is  taken  off.  To  eliminate  this  difficulty, 
the  whole  set  of  strips  would  have  to  be  finished  thicker. 

In  the  case  of  the  first  method,  we  are  in  possession  of  a  reliable  check 
upon  the  rolling-mill  work,  since  the  amount  of  reduction  shows  directly 
in  the  individual  strips  and  may  be  measured  up  with  the  micrometer. 

On  the  basis  of  these  remarks,  it  is  perfectly  clear  that  the  first  method 
is  preferable  when  the  metal  must  be  sent  to  a  roUing  mill  for  preparation. 
With  respect  to'  the  shortcomings  of  metal  prepared  in  this  way,  it  may 
be  stated  that  from  the  standpoint  of  comparison  between  different 
brands  of  metal,  as  in  the  present  case,  such  very  largely  disappear, 
since  they  only  affect  the  comparison  between  different  tempers  and  the 
validity  of  the  succession  of  testing  values  thereby  secured.  It  is  here 
assumed  that  the  different  kinds  of  metal  follow  the  same  schedule  in 
the  mill. 

Preparation  of  the  Second  Set  of  Test  Strips 

The  test  strips  of  the  second  set  were  finished  at  gage  No.  14  (0.064 
in.)  with  a  reduction  of  50  per  cent,  taken  off  in  three  passes  beginning 
with  annealed  metal  at  gage  No.  8  (0.128  in.).  These  strips  were  taken 
from  the  same  cakes  as  the  first  set  of  strips.  The  rolling  operations  are, 
accordingly,  those  shown  in  Fig.  1,  (a),  (6),  and  (c)  followed  by  (d')> 
instead  of  (d). 

Specifications 

It  has  already  been  stated  that  the  numerical  specifications  for  rolling 
&fe  indicated  in  the  sketches  of  Fig.  1.     In  sending  these  specifications 
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to  the  mill,  it  was  requested  that  the  rolling  conform  as  closely  as  possible 
to  the  data  submitted,  but  a  margin  of  0.003  in.  above  or  below  any  given 
gage  was  allowed.  The  mill  work  was  conducted  under  the  supervision 
of  the  works  laboratory  and  we  were  generally  satisfied  with  the  product. 
Slight  departure  from  the  specifications  scarcely  affects  the  percentage 
reductions  figured  from  the  specifications  except  in  the  case  of  very  light 
reductions,  as  in  the  first  two  of  the  first  set.  Here,  the  actual  reductions 
varied  considerably  in  the  three  kinds  of  material,  which  would  not  have 
been  the  case  if  each  had  been  passed  through  the  same  setting  of  the 
rolls.  This  was  recommended  but  did  not  appear  feasible  in  the  mill. 
However,  such  variations  are  not  serious,  since  we  have  the  data  for 
calculating  the  exact  reductions  obtained.  All  of  the  data  in  question 
will  be  found  in  Tables  2  and  3. 

PI  Since  we  are  chiefly  interested  in  comparisons  between  the  three  kinds 
of  material,  it  is  important  that  all  receive  the  same  treatment  in  pre- 
scribed annealing  operations.  On  this  account,  it  was  insistently  urged 
that  the  diflferent  lots  be  annealed  simultaneously  and  in  the  same  part 
of  the  load.  From  our  micrographic  examination,  we  believe  that  these 
specifications,  which  called  for  uniform  anneal  for  1  hr.,  at  650**  to  700°  C, 
were  properly  carried  out. 


Procedure  with  the  First  Set 

In  the  case  of  the  first  set  of  test  strips,  the  laboratory  Work  consisted 
solely  in  testing  the  prepared  strips. 
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FiG.  2. — Dimensions  of  Test  Strip. 
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For  this  purpose,  a  50,000-lb.  Riehle  Universal  testing  machine  was 
used.  Each  final  result  represents  the  average  of  tests  on  four  separate 
strips.  A  uniform  rate  of  loading  was  used  in  all  cases,  light  scratch 
marks  instead  of  punch  marks  were  made  on  the  strips,  and  it  is  believed 
that  all  essential  precautions  were  observed  in  the  interest  of  obtaining 
the  most  trustworthy  results.  Test  pieces  were  accurately  milled  accord- 
ing to  the  accompanying  sketch  (Fig.  2).  It  may  be  noted  from  this 
sketch  that  the  original  strips  were  10  in.  long  by  1  in.  wide,  while,  in 
milling,  three-quarters  of  the  original  sectional  area  was  retained  in  the 
test  section.  Our  intention  in  this  respect  was  to  cut  away  just  enough 
I  material  from  the  sides  to  insure  a  properly  located  break  without  de- 
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creasing  the  breaking  load  to  a  point  which  would  render  the  errora  at 
the  machine  serious  in  comparison.  The  thinneet  (most  severely  re- 
duced) strips  (0.040  in.),  although  the  strongest  per  unit  of  sectional 
ares,  broke  under  the  hghtest  load,  viz.,  some  1,700  lb.  The  minimum 
breaking  load  for  the  regular  annealed  strips  of  the  second  set  (0.064  in.) 
was  some  1,250  lb.,  while  the  weakest  of  the  small  number  of  strips  tested 
after  anneal  in  a  reducing  atmosphere  broke  at  930  lb.  Thus,  if  the  ma- 
chine  can  be  read  accurately  to  10  lb.,  the  maximum  testing  error  is 
only  about  1  per  cent. 

Breaks  were  considered  faulty  when  they  could  not  be  placed  near 
the  middle  of  a  2-in.  length  selected  with  the 
aid  of  the  scratch  marks  along  the  milled  sec- 
tion of  the  strip,  viz.,  elongation  was  meas- 
ured in  2  in.  and  the  measurements  were  made 
with  proper  regard  for  the  distribution  o[ 
eloDgation  along  the  broken  strip. 

Measurements  of  reduction  of  area  were 
made  with  the  micrometer  and,  owing  to  the 
comparatively  small  pectional  area  of  the 
strips,  the  results  cannot  be  considered  very 
accurate,  particularly  in  the  case  of  all  values 
below  about  25  per  cent. 


3. — Jnterior 
Annbalinq  FnBNACE  w: 
FiLUNo  Reuoved. 


Procedure  tvilh  the  Secoiui  Set 

The  strips  of  the  second  set  were  all  tested 
after  a  prescribed  annealing  treatment.  The 
following  is  a  summary  of  the  methods  adopted 
in  this  part  of  the  work:  The  annealing  was 
done  in  a  ribbon-wound  alundum  tube  IS  in. 
long  and  13^  in.  in  inside  diameter.  This  re- 
sistor was  covered  with  alundum  cement  and 
mounted  in  a  rectangular  box  made  of  transite 
asbestos  wood,  as  shown  in  Fig.  3. 

In  order  to  flatten  the  thermal  gradient  in  the  tube,  the  heat  capacity 
of  the  furnace  was  increased  by  means  of  a  loose  filling  of  granular  fire 
clay,  and  false  inner  sides  bent  as  indicated  in  the  figure  were  used  to 
cut  down  the  quantity  of  fiUing  around  the  central  portion  of  the  tube 
(which  would  ordinarily  run  hottest).  In  this  way,  the  loas  of  heat  along 
the  sides  of  the  furnace  was  made  to  decrease  toward  the  end-regions, 
thereby  compensating  for  the  extra  loss  at  the  ends  of  the  furnace. 

The  gradients  along  the  central  10  in.  of  the  tube,  in  which  the  test 
strips  were  located,  are  shown  in  Fig.  4  at  three  different  temperatures   ' 
in  different  parts  of  the  annealing  range.     It  may  be  noted  that  the  center 
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of  the  furnace  was  kept  at  a  constant  temperature  (the  furnace  was  al- 
lowed to  come  to  equilibrium  with  a  fixed  energy  input),  while  the 
gradients  were  taken  on  one  side,  and  again,  at  a  constant  temperature 
in  another  series  of  tests  (not  exactly  the  same  temperature  as  before), 
while  the  gradients  were  taken  on  the  other  side.  Interpreted  in  this 
sense,  these  curves  show  a  maximum  variation  from  center  to  ends  (cen- 
tral region  of  10  in.)  of  16**  at  approximately  300**;  11**  at  approximately 
600**,  and  22**  at  approximately  900**  C.  These  gradients  are  made  still 
flatter  by  the  balancing  effect  of  the  load. 

Four  milled  strips  were  annealed  at  once.    It  was  therefore  necessary 
to  make  three  runs  at  a  given  temperature  in  order  to  handle  the  12  strips 
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Fig.  4. — Temperature   Gradients  of  Annealing  Furnace  at  Approximatelt 

300^  600**  AND  900**  C. 

required  (four  each  from  three  kinds  of  metal).  We  were  able  to  make 
these  different  runs  under  practically  identical  conditions,  but,  in  antici- 
pation of  possible  variations  of  treatment,  each  load  was  composed  of 
strips  from  the  different  kinds  of  metal,  so  that  any  differences  shown 
by  the  average  of  tests  on  the  several  kinds  of  metal  could  not  be  ascribed 
to  differences  in  anneaUng  treatment.  Marking  the  electrolytic  samples 
1,  the  Mohawk  samples  2,  and  the  Copper  Range  samples  3,  the  different 
loads  were  made  up  as  follows: 


First  Load 

1—2—3—1 


Second  Load 
2—3—1—2 


Third  Load 

3—1—2—3 


In  starting  an  anneal,  the  furnace  was  brought  to  a  temperature  some 
10**  above  the  actual  annealing  temperature  sought  and  then  the  four 
strips  were  pushed  into  the  center  of  the  furnace  tube  side  by  side  with 
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the  end  of  the  thennocouple  tube  as  nearly  as  possible  in  the  center  of 
the  load.  When  the  temperature  reached  the  desired  value,  attention 
was  paid  to  the  resistances  in  series  with  the  furnace  tube  and  such  altera- 
tions as  were  necessary  to  keep  the  temperature  constant  were  made  from 
time  to  time  on  the  basis  of  5-  or  10-min.  observations  of  temperature. 

The  galvanometric  method  of  measuring  temperature  was  employed 
in  connection  with  an  ordinary  platinum,  platinum-rhodium  thermo- 
couple (Siemens  and  Halske  galvanometer  of  410  ohms  internal  resist- 
ance). The  hot  junction  of  the  thermocouple  remained  in  perfect  condi- 
tion throughout  all  of  the  experiments.  Standardization  was  made  at 
the  freezing  points  of  pure  tin,  232**;  zinc,  419®;  antimony,  631**;  and  silver 
(in  hydrogen),  961®,  keeping  the  cold  junction  at  20®.  The  same  condi- 
tions were  observed  in  making  all  anneals.  An  empirical  correction 
curve  of  the  temperature  scale  of  the  galvanometer  was  made  on  the  basis 
of  the  standardization  results  and  all  temperatures  were  corrected 
by  interpolation.  Re-standardization  of  the  apparatus  after  comple- 
tion of  the  experiments  showed  that  constancy  had  been  maintained 
within  10®. 

A  typical  annealing  curve  shows  a  preheating  period  of  about  20 
min.,  during  which  the  temperature  rises  gradually  to  the  value  chosen 
for  annealing,  and  an  anneaUng  period  of  40  min.,  during  which  the 
temperature  varies  only  a  few  degrees.  Owing  to  the  uniformity  which 
was  attained  in  making  these  anneals,  it  does  not  appear  desirable  to 
devote  space  to  an  elaborate  tabulation  of  the  annealing  data.  We  be- 
lieve that  the  anneaUng  temperatures  reported  are  consistently  accurate 
(making  allowance  for  all  sources  of  error)  within  15®. 


Table  1 


Temperfttore  of 

Preheating  Period 
Load  No.  2 

in  Minutes 

Load  No.  3 

Aniieal, 
Degrees  Centicrade 

Load  No.  1 

Average 

100  water 

4 

2 

2 

2.7 

200  on 

4 

4 

3 

3.7 

250 

21 

22 

20 

21.0 

276 

20 

20 

21 

20.3 

300 

19 

16 

17 

17.3 

325 

a> 

22 

22 

23 

22.3 

350 

19 

19 

19 

19.0 

400 

3 
<«-• 

21 

18 

20 

19.7 

500 

19 

15 

14 

16.0 

600 

S 

18 

18 

19 

18.3 

700 

17 

18 

18 

17.7 

800 

15 

16 

15 

15.0 

900 

12 

12 

13 

12.3 

1,000 

13 

12 

18 

14.3 

1196    TESTS  ON  ELECTROLYTIC  AND  ARSENICAL  LAKE  COPPER 

With  respect  to  the  preheating  periods,  which  were  naturally  subject 
to  more  or  less  variation  in  the  different  experiments,  a  summary  of  the 
principal  data  appears  to  be  desirable  and  this  is  given  in  Table  1. 

Some  of  the  strips  of  the  second  set  were  annealed  in  an  atmosphere 
of  illuminating  (coal)  gas.  The  approximate  composition  of  this  gas  by 
volume  is  as  follows: 

Per  Cent. 

Hydrocarbons 48 . 5 

Hydrogen ♦ 25 .0 

Carbon  monoxide 18.0 

Carbon  dioxide 2.0 

Oxygen 0.6 

Nitrogen 6.0 

These  anneals  were  made  in  a  furnace  similar  to  the  one  previously 
described,  in  which  an  iron  tube  was  substituted  for  the  alundum  tube 
and  both  ends  were  closed  except  for  a  small  gas  inlet  at  one  end  and  exit 
at  the  other  end.  The  thermocouple  was  introduced  at  intervals  through 
a  suitable  hole  at  one  end  and  left  in  the  furnace  long  enough  to  reach 
the  temperature  of  its  surroundings,  after  which  it  was  withdrawn  to 
avoid  contamination  by  long  exposure  to  the  reducing  gas,  and  the  hole 
plugged  up.  Less  accurate  control  was  secured  in  these  experiments  and 
the  preheating  periods  were  not  determined. 

Strips  from  the  different  kinds  of  metal  were  mixed  in  each  load  and, 
aside  from  all  questions  as  to  the  ultimate  accuracy  of  the  temperature 
measurements,  vaUd  comparisons  between  the  different  kinds  of  metal 
(which  was  the  main  object  of  all  tests)  were  obtained. 

Samples  for  micrographic  examination  (1  by  1  in.)  were  cut  from  the 
ends  of  the  test  pieces  after  anneaUng. 


Tabulation  of  Results 

(1)  Tests  in  the  Cold-Rolled  Condition.    First  Set  of  Strips 

Table  2  shows  the  results  of  tests  made  on  strips  rolled  to  a  succession 
of  gages  beginning  with  No.  8  (B.  &  S.),  viz.,  0.128  in.,  and  ending  with 
No.  18,  viz.,  0.040  in.  Test  strips  were  milled  according  to  Fig.  2. 
Micrometer  measurements  are  not  given  in  the  table  except  in  case  of  the 
thickness.  The  latter  is  of  importance  in  indicating  character  of  the 
the  product  with  respect  to  temper  and  an  average  must  be  used  in  calcu- 
lating the  percentage  reduction  of  area  effected  by  roUing,  while  other 
measurements  are  of  a  routine  character,  as  prerequisites  to  the  calcula- 
tions of  strength  and  ductility. 

The  previous  history  of  the  strips  is  given  in  the  sketches  of  Fig.  1. 
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Table  2. — Strength  and  Diuiiliiy  of  Cold-RoUed  Strips 

Average  thickness  before  rolling:  Electrolyiio  Copper,  0.1310  in.;  Mohawk  Copper, 

0.1284  in.;  Copper  Range  Copper,  0.1316  in. 


No. 


1 
2 
3 
4 


5 
6 
7 
8 


9 
10 
U 
12 


13 
14 
15 
16 


17 
18 
19 

ao 


21 
22 
23 
24 


25 
28 
27 
28 


29 
30 
31 
32 


83 

34 
35 
36 


37 
38 
39 
40 


41 
43 
43 
44 


45 
46 

47 
48 


Brand  of  Copper  and 
Reduction  by  RoUing* 


Thiekneas. 
Inches 


Electrolytic  copper,  re- 
duced 0.0  per  cent,  by 
rolling. 

Average 


Mohawk  copper  reduced 
0 . 0  per  cent,  by  rolling. 

Avo-age 


Copper  Range  copper 
reduced  0.0  per  cent, 
by  rolling. 

Average 


Eleetrolvtic  copper  re- 
duced 6.0  per  cent,  by  i 
rolling.  ' 

Average 


Mohawk  copper  reduced 
6.2  per  cent,  by  roll- 
ing. 

Average 


Copper  Range  copper 
reduced  8.7  per  cent, 
by  rolling. 

Average 


Electrolytic  copper  re- 
duced 12.9  per  cent, 
by  rolling. 

Average 


Mohawk  copper  reduced 
11.1  per  cent,  by 
rolling. 

Average 


I 


Copper  Range  copper 
reduced  13.1  per  cent, 
by  rolling. 


Average. 


Electrolsrtio  copper  re- 
duced 21.4  per  cent, 
by  rolling. 

Average 


Mohawk  copper  reduced 
20.2  per  cent,  by 
rolling. 


Average. 


Copper  Range  copper 
reduced  22.6  per  cent, 
by  rolling. 

Average 


0.1316 
0.1310 
0.1310 
0.1310 
0.1310 


0. 
0. 
0. 
0. 
0. 


1280 
1285 
1280 
1200 
1284 


0.1320 
0.1310 
0.1315 
0.1320 
0.1316 

0.1220 
0.1220 
0.1220 
0.1220 
0.1220 

0.1200 
0.1200 
0.1206 
0.1210 
0.1204 


0. 
0. 
0. 
0. 
0. 


1200 
1206 
1200 
1200 
1201 


0.1140 
0.1140 
0.1140 
0.1146 
0.1141 

0.1140 
0.1146 
0.1140 
0.1146 
0.1142 

0.1145 
0.1146 
0.1140 
0.1146 
0.1144 

0.1030 
0.1030 
0.1030 
0.1030 
0.1030 

0.1026 
0.1025 
0.1020 
0.1025 
0.1024 

0.1020 
0.1020 
0.1020 
0.1020 
0.1020 


Ultimate 

Strength  in 

Pounda  per 

8q.  In. 


33,100 
32,000 
32.600 
32,000 
32,860 

32.700 
88.700 
88,600 
33.100 
33^60 

33,100 
82,400 
33,100 
33,100 
32.936 

84.800 
34,300 
34,800 
34.700 
34,660 

34.200 
34,600 
36,200 
84.100 
34»626 

36.500 
36.600 
36,100 
36,600 
36,450 

37.300 
36,900 
36,800 
36.100 
36,776 

36.800 
36.600 
37.000 
37,100 
36.^76 

38,100 
38.300 
36.000 
37.500 
37,700 

40.000 
41.400 
41,000 
41.000 
41.075 

41.600 
40,000 
40.600 
40.500 
40.675 

43,700 
42,900 
42.800 
43,000 
43.100 


Percentage 

Reduction 

of  Area 


40.5 
41.0 
41.9 
40.6 
41.0 

43.7 
44.0 
45.5 
45.0 
44.6 

43.5 
43.1 
45.0 
45.2 
44.2 

39.3 
38.0 
38.7 
40.0 
39.0 

44.3 
44.0 
44.1 
44.5 
44.2 

39.5 
36.2 
40.6 
39.3 
38.9 

35.9 
36.2 
35.8 
35.8 
35.9 


40. 

40. 

40. 

39.8 

40.2 


2 

7 

.0 


33.7 
33.7 
32.2 
32.3 
33.0 

23.4 
22.5 
22.5 
24.4 
23.2 

27.3 

28.1 
29.8 
29.8 
28.7 

22.9 
21.9 
22.5 
23.5 
22.7 


Percentage 

Elongation 

in  2  In. 


62.0 
62.0 
60.0 
61.5 
61.4 

61.6 
64.6 
64.6 
64.0 
53.6 

53.5 
53.0 
63.0 
53.0 
53.1 

46.0 
45.0 
42.0 
44.5 
44.4 

45.0 
44.0 
42.5 
45.0 
44.1 

88.0 
34.0 
38.0 
38.0 
37.0 

34.0 
35.6 
34.0 
34.0 
34.4 

36.0 
36.6 
38.0 
38.0 
37.1 

31.0 
29.0 
27.5 
31.0 
29.6 

13.5 
12.6 
9.5 
16.5 
13.0 

16.0 
14.0 

16.0 
16.0 
15.5 

10  5 
10.0 
9.5 
11.0 
10.3 


*  CsleQlated  from  average  thiokneaa  of  atripa  and  average  thickneaa  before  rolling. 
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Table  2. — Strength  and  Ductility  of  Cold-Rolled  Strips  (Continued) 

Average  thickness  before  rolling:  Electrolytic  Copper,  0.1310  in.;  Mohawk  Copper, 

0.1284  in.;  Copper  Range  Copper,  0.1316  in. 


No. 


Brand  of  Copper  and 
Reduction  by  Rolling* 


Thickness, 
Inches 


Ultimate 

Strength  in 

Pounds  per 

Sq.  In. 


Percentage 

Reduction 

of  Area 


Percentage 

Elongation 

in  2  In. 


49 
50 
51 
52 


53 
54 
55 
56 


57 
58 
59 
60 


61 
62 
63 
64 


65 
66 
67 
68 


69 
70 
71 
72 


73 

74 
75 
76 


77 
78 
79 
80 


81 
82 
83 
84 


85 
86 

87 


88 
89 
90 
91 


92 
93 
94 
95 
96 


Electrolytic  copper  re- 
duced 38.2  per  cent. 
by  rolling. 

Average 


Mohawk  copper  reduced 
87.2  per  cent,  by 
rolling. 


Average. 


Copper  Range  copper 
reduced  38.1  per  cent, 
by  rolling. 


Average. 


Electrolytic  copper  re- 
duced 50.8  per  cent, 
by  rolling. 


Average. 


Mohawk  copper  reduced 
49.8  per  cent,  by 
rolling. 

Average 


Copper  Range  copper 
reduced  51.4  per  cent. 
by  rolling. 

Average 


Electrolytic  copper  re- 
duced 60.8  per  cent, 
by  rolling. 

Average 


Mohawk  copper  reduced 
60.7  per  cent,  by 
rolling. 


Average. 


Copper  Range  copper 
reduced  61 . 2  per  cent, 
by  rolling. 

Average 


Electrolytic  copper  re- 
duced 69 . 1  per  cent, 
by  rolling. 

Average 

Mohawk  copper  reduced 
68 . 1  per  cent,  by 
rolling. 


Average. 


Copper  Range  copper 
reauced  70.0  per  cent, 
by  rolling. 


Average 


0.0810 
0.0810 
0.0810 
0.0810 
0.0810 

0.0810 
0.0805 
0.0810 
0.0805 
0.0807 

0.0816 
0.0815 
0.0815 
0.0815 
0.0816 

0.0645 
0.0645 
0.0645 
0.0645 
0.0645 

0.0645 
0.0645 
0.0645 
0.0645 
0.0645 

0.0640 
0.0640 
0.0640 
0.0640 
0.0640 

0.0510 
0.0520 
0.0510 
0.0515 
0.0514 

0.0505 
0.0505 
0.0505 
0.0505 
0.0505 

0.0510 
0.0510 
0.0510 
0.0510 
0.0510 

0.0410 
0.0400 
0.0405 
0.0405 

0.0405 
0.0410 
0.0410 
0.0410 
0.0409 

0.0395 
0.0395 
0.0395 
0.0395 
0.0395 
0.0395 


47.900 
47,700 
47.900 
47.500 
47,760 

49,100 
49.500 
49,600 
49,600 
49.450 

60.500 
49.800 
60,400 
50,500 
50,300 

49.900 
52.400 
52,200 
53.100 
51.900 

53.800 
52,400 
53.500 
52.600 
63.325 

64.700 
54.000 
54,900 
55.200 
54.700 

54.900 
55,000 
51,000 
56.400 
54,325 

57,000 
57,400 
57,000 
56,800 
67,050 

67,600 
68.100 
57.900 
57.400 
57,750 

67,000 
57.400 
57,700 
57,367 

57,800 
58,400 
59,000 
59,000 
58.550 

58,800 
59,300 
60,500 
61,200 
60,500 
60.060 


10.0 

11.0 

7.5 

8.7 

9.8 

11.6 

10.2 

9.4 

9.4 

10.1 

12.1 
7.2 
7.3 
6.2 

8.2 

4.2 
5.0 
5.9 
4.9 
6.0 

3.0 
4.4 
6.0 
6.2 
4.4 

2.8 
3.6 
4.3 
4.3 
3.7 

3.9 
2.4 
4.8 
3.2 
3.6 

2.1 
2.1 
2.1 
2.1 
2.1 

3.9 
3.9 
3.4 
4.0 
3.8 

3.3 
3.7 
2.3 
3.1 

2.6 
2.6 
2.6 
2.6 
2.6 

2.1 
1.4 
3.7 
2.4 
2.4 
2.4 


r 

'Calculated  from  average  thickness  of  strips  and  average  thickness  before  rolling 


6.e 

6.0 
5.0 
6.0 
5.0 

6.0 
5.0 
5.0 
5.0 
5.2 

6.0 
6.0 
4.0 
5.0 
4.8 

3.0 
3.0 
3.5 
3.5 
3.2 

3.5 
3.0 
8.0 
8.0 
3.1 

4.0 
4.0 
4.0 
4.0 
4.0 

3.6 
2.6 
2.5 
3.6 
3.0 

3.0 
2.6 
3.0 
3.0 
2.9 

8.0 
3.0 
3.0 
3.0 
3.0 

8.0 
3.6 
3.0 
3.2 

2.0 
2.0 
2.0 
2.0 
2.0 

1.6 
2.0 
2.5 
2.6 
2.0 
2.1 
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Table  3. — Strength  and  Diictility  of  Strips  Annealed  40  Min.  at  Different 
Temperatures  after  a  Reduction  of  50  Per  Cent,  by  Rolling* 
Average  thickness  before  annealing,  0.064  to  0.067  in. 


No. 

Brand  of  Copper  and 
Annealing  Temperature 

ThickneM, 
Inches 

Ultimate 

Strength  in 

Pounds  per 

Bq.  In. 

Percentage 
Reduction 
of  Area 

Percentage 

Elongation 

inTln. 

97 

98 

99 

100 

Electrolytic         copper, 
unannealed      (aa     re- 
ceived from  the  mill). 

Average 

0.0640 
0.0d45 
0.0670 
0.0640 
0.0649 

0.0670 
0.0665 
0.0665 
0.0660 
0.0665 

0.0665 
0.0665 
0.0665 
0.0666 
0.0665 

0.0640 
0.0640 
0.0640 
0.0640 
0.0640 

0.0660 
0.0655 
0.0660 
0.0660 
0.0659 

0.0660 
0.0660 
0.0660 
0.0640 
0.0655 

0.0650 
0.0645 
0.0650 
0.0645 
0.0647 

0.0660 
0.0660 
0.0660 
0.0660 
0.0660 

0.0640 
0.0655 
0.0650 
0.0660 
0.0651 

51,600 
51.600 
51,600 
51,600 
51,600 

52.200 
52,100 
52.100 
52.100 
52,125 

53.000 
53.500 
53.000 
52.900 
53.100 

51,700 
51.600 
51.400 
51.400 
51.525 

52.300 
52.900 
52.400 
52,300 
52.475 

52,500 
52.500 
53,300 
54.400 
53.175 

49.000 
49,100 
48.600 
50.500 
49.300 

52.900 
52.000 
52.100 
52,000 
52.250 

53.100 
52.500 
52.700 
51.800 
52.525 

4.56 
3.20 
4.57 
4.56 
4.22 

4.94 
5.03 
6.02 
4.66 
5.16 

8.83 

9.00 

8.83* 

8.60 

8.81 

3.74 
4.56 
4.56 
3.96 
4.21 

4.63 
6.86 
5.01 
4.63 
5.28 

8.85 
8.85 
7.66 
4.77 
7.53 

9.86 
9.49 
6.12 
5.15 
7.66 

9.45 
8.85 
7.45 
7.45 
8.30 

5.81 
12.95 
12.85 
13.13 
11.18 

4.0 
4.0 
4.0 
4.0 
4  0 

101 
102 
103 
104 

Mohawk  copper,  unan- 
nealed    (aa     received 
from  the  mill). 

Avfrage. .....  ^  ^ . . 

4.0 
4.0 
4.0 
4.0 
4  0 

105 
106 
107 
108 

Copper   Range  copper, 
unannealed      (as     re- 
ceived from  the  mill). 

Average       .    , 

4.0 
4.5 
4.5 
4.5 
4  4 

109 
110 
111 
112 

Electrolytic  copper  an- 
nealed at  lOO^'C. 

Average 

4.0 
4.0 
4.0 
4.0 
4.0 

113 
114 
115 
116 

Mohawk     copper,     an- 
nealed at  iOO^C. 

Average 

4.0 
5.0 
4.0 
4.0 
4.2 

117 
118 
119 
120 

Copper  Range  copper, 
annealed  at  100*'C. 

Average 

6.0 
6.0 
4.5 
4.0 
6.1 

121 
122 
123 
124 

Electrolytic  copper,  an- 
nealed at  200°C. 

1 

4.5 
4.5 
4.0 
6.0 

4.8 

125', 
126 
127 
128 

Mohawk     copper,     an- 
neal^ at  200<*C. 

Average 

6.5 
5.0 
5.6 
5.5 
5.6 

129 
130 
131 
132 

Copper  Range   copper, 
annealed  at  200**C. 

• 

Average 

5.6 
4.5 
4.5 
4.5 
4.8 

*  Calculated  values  of  reduction  vary  between  49  and  51  per  cent. 
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Table  3. — Strength  and  Ductility  of  Strips  Annealed  40  Min,  at  Different 
Temperatures  after  a  Kedudian  of  50  Per  Cent,  by  Rolling  (Continued) 


No. 

Brand  of  Copper  and 
Annealing  Temperature 

Thickness. 
Inches 

Ultimate 

Strength  in 

Pounds  per 

84.  In. 

Percentage 

Reduction 

of  Area 

Pereentage 
Elongation 
in  2  In. 

133 

Eleotrolytio  oopper,  an- 

0.0646 

49.200 

20.80 

9.0 

134 

nealed  at  260<>C. 

0.0645 

49,100 

19.30 

9.0 

136 

0.0660 

48,500 

19.06 

8.6 

136 

0.0646 

48.900 

18.30 

9.0 

Average 

0.0646 

48.925 

19.36 

8.0 

137 

Mohawk     copper,     an- 

0.0667 

61.800 

15.30 

7.6 

138 

nealed  at  250<*C. 

0.0650 

61.800 

14.86 

7.6 

139 

0.0656 

61,700 

14.00 

7.6 

140 

0.0662 

61.700 

'            14.25 

8.0 

Average 

0.0664 

61.760 

14.60 

7.6 

141 

Copper   Range   copper, 

0.0665 

52.500 

12.00 

6.0 

142 

annealed  at  250*'C. 

0.0660 

61,500 

14.16 

8.0 

143 

0.0660 

53.000 

14.15 

8.0 

144 

0.0660 

52.600 

14.46 

7.6 

Average 

0.0659 

62.400 

13.69 

7.4 

14f 

Electrolytic  copper,  an- 

0.0643 

43.000 

24.40 

19.0 

146 

nealed  at  276^C. 

0.0660 

43.000 

24.60 

19.0 

147 

0.0635 

43.600 

22.80 

(14.0) 

148 

0.0660 

42.600 

24.60 

20.0 

Average 

0.0646 

43,026 

24.10 

19.8 

149 

Mohawk     copper,     an- 

0.0660 

51.200 

16.66 

8.6 

150 

nealed  at  276<'C. 

0.0668 

50.700 

16.66 

8.5 

161 

0.0656 

60.700 

15.40 

7.0 

152 

0.0667 

60.700 

16.00 

8.6 

Average 

0.0666 

50,825 

16.92 

8.1 

163 

Copper   Range  copper, 

0.0653 

62,200 

(9.45) 

(5.0) 

164 

annealed  at  276''C. 

0.0656 

61.500 

11.00 

9.0 

165 

0.0656 

61.000 

11.00 

9.0 

166 

0.0656 

51.200 

11.00 

9.0 

Average 

0.0654 

61,476 

11.00 

9.0 

167 

Electrolytic  copper,  an- 

0.0640 

38.800 

36.90 

36.6 

168 

nealed  at  300<*C. 

0.0640 

37,600 

40.20 

36.0 

169 

0.0660 

36,400 

(44.00) 

(52.5) 

160 

0.0640 

37.700 

38.00 

37.5 

Average 

0.0647 

37,376 

38.37 

36.7 

161 

Mohawk     copper,     an- 

0.0656 

60,700 

10.75 

11.0 

162 

nealed  at  300«C. 

0.0660 

50.400 

15.65 

11.0 

163 

0.0660 

60.000 

(8.85) 

11.0 

164 

0.0660 

60.100 

14.10 

11.0 

Average 

0.0659 
0.0660 

50.300 
60.200 

13.60 
14.60 

11.0 

165 

Copper  Range  copper, 

9.6 

166 

annealed  at  300**C. 

0.0645 

49.800 

13.40 

11.6 

167 

0.0660 

51.000 

14.36 

10.0 

168 

0.0655 

50.400 

16.00 

9.0 

Average 

0.0665 

50.360 

14.31 

10.0 
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Table  3. — Strength  and  Ductility  of  Strips  Annealed  40  Min.  at  Different 
Temperatures  after  a  Reduction  of  50  Per  Cent,  by  Rolling  (Continued) 


No. 


180 
170 
171 
173 
173 


174 
175 
178 
177 


178 
170 
180 
181 


182 
183 
184 
185 


186 
187 
188 
180 


190 
191 
193 
193 


194 
195 

m 

197 


198 
190 
300 
301 


203 
303 
204 
305 


Brand  of  Copper  and 
Annealing  Temperature 


Thiokn 
Incb 


Eleetrolytie  copper,  an- 
nealed at  826<'C. 


Arerage, 


Mohawk     eopper,     an- 
nealed at  826«C. 


Average. 


Copper   Range  eopper, 
annealed  at  326*C. 


Average. 


Eleotrolytio  eopper,  an- 
nealed at  ZWC. 


Average. 


Mohawk    copper,    an- 
nealed at  360^0. 


Average. 


Copper  Range  copper, 
annealed  at  850^0. 


Average. 


Electrolytic  eopper,  an- 
nealed at  400<'C. 


Average. 


Mohawk    copper,    an- 
nealed at  40(y*C. 


Average. 


Copper  Range  copper, 
annealed  at  400^0. 


Average. 


0.0060 
0.0650 
0.0030 
0.0060 
0.0646 
0.0646 

0.0660 
0.0646 
0.06S4 
0.0660 
0.0667 

0.0666 
0.0666 
0.0666 
0.0640 
0.0661 

0.0660 
0.0680 
0.0646 
0.0660 
0.0644 

0.0663 
0.0660 
0.0666 
0.0666 
0.0656 

0.0660 
0.0665 
0.0660 
0.0666 
0.0666 

0.0640 
0.0645 
0.0646 
0.0646 
0.0644 

0.0660 
0.0660 
0.0660 
0.0660 
0.0660 

0.0666 
0.0656 
0.0646 
0.0657 
0.0650 


Ultimate 
Strength  in 
Pottnoeper 

Sq.  In. 


34,600 
86,100 
84,600 
86,600 
88,800 
84,740 

48,000 
48,600 
43,600 
41,800 
42,960 

37,600 
37,650 
86,800 
38.200 
87,640 

83,000 
34,300 
84,100 
33,900 
34,060 

34,600 
34,200 
34.700 
34.700 
34.526 

34.900 
84,700 
35,100 
34,500 
34.800 

34,100 
34.000 
33.900 
33.000 
33,750 

34.400 
34,400 
34.100 
34,500 
34,360 

34.700 
34.600 
34.200 
34.400 
34,476 


Percentage 

Reduction 

of  Area 

Percentage 
Elongation 
inTln. 

44.60 

46.0 

43.90 

46.0 

42.00 

49.0 

43.10 

(43.0) 

44.60 

49.6 

48.64 

47.6 

27.90 

19.0 

28.40 

19.0 

30.70 

18.0 

29.60 

22.0 

29.15 

19.6 

39.90 

42.0 

39.80 

41.0 

40.20 

43.0 

39.10 

42.0 

89.76 

42.0 

46.90 

60.0 

46.00 

51.0 

46.80 

52.0 

46.40 

51.0 

46.90 

51.0 

44.00 

64.0 

46.40 

54.0 

46.40 

53.0 

43.30 

64.0 

44.53 

53.8 

43.00 

54.0 

42.60 

54.0 

43.00 

64.0 

42.20 

63.6 

42.70 

63.9 

44.60 

51.0 

46.10 

55.0 

45.00 

64.0 

45.00 

61.5 

44.93 

52.9 

44.50 

63.6 

45.00 

53.6 

45.50 

53.5 

44.90 

54.0 

44.98 

53.6 

47.60 

54.0 

46.50 

63.5 

47.10 

54.0 

46.10 

54.5 

46.83 

54.0 
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TESTS   ON  ELECTROLYTIC  AND  ARSENICAL  LAKE  COFFER 


Table  3. — Strength  and  Ductility  of  Strips  Annealed  40  Min.  at  Different 
Temperatures  after  a  Reduction  of  50  Per  Cent,  by  Rolling  (Continued) 


No. 

Brand  of  Copper  and 
Annealing  Temperature 

ThicknetB, 
Inches 

Ultimate 

Strength  in 

Founds  per 

84.  In. 

'    Feroentage 
Reduction 
of  Area 

Percentage 
Elongation 
in2  In. 

206 

Eleotrolsrtio  oopper,  an- 

0.0636 

33.500 

.45.10 

57.6 

207 

nealed  at  600<'C. 

0.0636 

33,500 

46.50 

66.0 

208 

0.0635 

33.200 

44.50 

49.0 

.209 

0.0640 

33.500 

46.00 

57.0 

Average 

0.0636 

33.425 

46.53 

54.9 

210 

Mohawk     copper,     an- 

0.0640 

33.200 

46.80 

49.5 

211 

nealed  at  50(y*C, 

0.0655 

83.900 

49.30 

57.0 

212 

0.0660 

88.600 

49.60 

66.5 

213 

0.0660 

32.800 

49.60 

55.0 

Average 

0.0661 

33,350 

48.80 

54.8 

214 

Copper   Range   copper, 

0.0666 

33,500 

47.90 

55.0 

216 

annealed  at  600^'C. 

0.0646 

33,400 

49.00 

58.0 

216 

0.0646 

33.700 

45.50 

54.5 

217 

0.0646 

33.600 

48.50 

58.0 

Average 

0.0648 

33,525 

47.73 

56.4 

218 

Electrolytic  copper,  an- 

0.0646 

33.400 

46.90 

54.5 

219 

nealed  at  600**C. 

0.0640 

33,300 

46.10 

54.5 

220 

0.0640 

33,300 

46.40 

55.0 

221 

0.0620 

33,800 

46.40 

55.0 

Average 

0.0036 

33,450 

46.20 

64.8 

222 

Mohawk     copper,     an- 

0.0646 

33,200 

48.40 

56.5 

223 

nealed  at  600^C. 

0.0646 

33,100 

47.00 

64.0 

224 

0.0646 

32.900 

49.60 

56.0 

226 

0.0666 

33.000 

49.40 

56.6 

Average 

0.0648 

33.050 

48.60 

56.5 

226 

Copper   Range  copper, 

0.0666 

33,100 

49.40 

57.0 

227 

annealed  at  600^0. 

0.0656 

33,000 

48.60 

57.0 

228 

0.0660 

33,250 

61.50 

57.5 

229 

0.0656 

33.200 

51.10 

56.0 

Average 

0.0666  - 

33,140 

50.15 

56.9 

230 

Electroljrtio  copper,  an- 

0.0636 

32,200 

44.70 

52.5 

231 

nealed  at  700*'C. 

0.0630 

31,800 

44.90 

55.6 

232 

0.0640 

32.199 

45.00 

55.0 

233 

0.0635 

32,400 

46.40 

65.0 

Average 

0.0635 

32.125 

45.25 

54.5 

234 

Mohawk     copper,     an- 

0.0645 

31,900 

49.60 

64.0 

236 

nealed  at  700<>C. 

0.0647 

32.200 

47.90 

61.0 

236 

0.0645 

32.200 

49.30 

55.0 

237 

0.0645 

32.100 

49.20 

53.5 

1         Average 

0.0646 

32,050 

48.98 

55.9 

238 

Copper   Range  copper, 

0.0650 

32.300 

50.60 

65.5 

239 

annealed  at  700^C. 

0.0645 

32,100 

50.10 

59.0 

240 

0.0643 

32,000 

49.70 

55.0 

241 

0.0645 

31,900 

49.70 

57.0 

Average 

0.0646 

32,075 

50.03 

56.6 

*^**  •  *^ 
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Table  3. — Strength  and  Ductility  of  Strips  Annealed  40  JIf  in.  at  Different 
Temperatures  after  a  Reduction  of  50  Per  Cent,  by  Rolling  (Continued) 


Nou 

Bruid  of  Copper  mnd 
Annealins  Temperature 

Thickneee, 
Inches 

0.0615 

Ultimate 
Strength  in 
Ponnds  per 

8<2..In. 

32.400 

Percentage 

Redaction 

of  Area 

Percentage 
Elongation 
in  2  In. 

342 

Electrolytio  copper,  an- 

44.00 

49.0 

243 

nealed  at  800«C. 

0.0616 

32,200 

44.30 

51.0 

344 

0.0600 

32.100 

42.80 

51.0 

245 

0.0615 

32.500 

44.00 

50.5 

Average 

0.0615 

32,300 
32.100 

43.78 

50.4 

246 

Mohawk     eopper,    an- 

0.0615 

44.80 

52.0 

247 

nealed  at  800<*C. 

0.0620 

32,200 

45.70 

53.0 

248 

0.0630 

31.800 

45.80 

53.0 

249 

0.0630 

31,400 

46.30 

51.0 

Average 

0.0624 

31.875 

45  65 

52.3 

260 

Copper   Range  copper, 

0.0620 

32,200 

46.60 

55.0 

251 

annealed  at  800**C. 

0.0625 

32,100 

46.00 

55.0 

253 

0.0625 

32.100 

47.40 

59.0 

253 

0.0013 

31,400 

47.10 

50.0 

Average 

0.0621 

31.950 

46.79 

54.8 

254 

Electrolytio  copper,  an- 

0.0600 

%0  *  |«^«^X^ 

31.600 

39.80 

44.0 

255 

nealed  at  OOOOC. 

0.0615 

31,200 

41.40 

44.0 

25« 

0.0620 

32.200 

41.10 

46.0 

257 

0.0600 

31,800 

39.80 

44.0 

Average 

0.0609 

31,700 

40.53 

44.5 

258 

Mohawk     copper,     an- 

0.0640 

30,100 

46.90 

47.0 

259 

nealed  at  900°C. 

0.0620 

30.600 

42.40 

45.0 

260 

0.0605 

30,600 

44.60 

46.0 

281 

0.0620 

31,500 

45.80 

44.0 

Average 

0.0621 

30,700 

44.93 

45.5 

262 

Copper   Range  copper. 

0.0625 

30,200 

48.60 

54.5 

263 

annealed  at  OOO^C. 

0.0620 

30,200 

47.50 

51.0 

264 

0.0610 

30,500 

45.60 

45.0 

265 

0.0610 

30,900 

46.50 

48.0 

Average 

0.0616 

30,450 

47.03 

•  49.6 

266 

Electro]3rtio  copper,  an- 

0.0600 

29,700 

37.16 

35.5 

267 

nealed  at  LOOO^C. 

0.0600 

30,500 

32.10 

31.0 

268 

0.0565 

30,900 

33.30 

30.0 

269 

0.0570 

32,300 

31.90 

42.5 

Average 

0.0580 

30,850 

33.62 

34.8 

270 

Mohawk    copper,    an- 

0.0600 

30,400 

40.40 

43.0 

271 

nealed  at  1.000<»C. 

0.0600 

29,800 

40.40 

38.0 

272 

0.0605 

29,900 

40.00 

37.0 

273 

• 

0.0500 

30.200 

39.40 

36.0 

Average 

0.0599 

30,075 

40.05 

38.5 

274 

Copper  Range  copper, 

0.0610 

28.800 

40.90 

35.0 

275 

annealed  at  1,000«C. 

0.0580 

29,700 

38.82 

37.0  . 

276 

0.0585 

29,100 

38.60 

36.0 

277 

0.0605 

27,600 

41.50 

37.0 

Average 

0.0595 

28,800 

39.96 

36.3 

10 
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(2)  Tests  after  Anneal  under  Oxidizing  Conditions.    Second  Set  of  Strips. 

Table  3  shows  the  results  of  tests  made  on  strips  annealed  40  min.  at 
temperatures  ranging  from  100®  to  1,000®C.  The  previous  history  of 
the  strips  is  given,  in  the  sketches  of  Fig.  1.  The  methods  of  annealing 
are  described  in  the  preceding  section.  Preheating  periods  are  given  in 
Table  1. 

While  all  strips  were  annealed  at  gage  No.  14  (B.  &  S.),  the  thickness 
is  somewhat  reduced  by  oxidation  after  anneal  at  high  temperatures  and, 
in  order  that  comparisons  of  this  sort  may  be  made,  micrometer  measure- 
ments of  thickness  are  given  in  the  table. 

(3)  Tests  after  Anneal  under  Reducing  Conditions,    Second  Set  of  Strips 

Table  4  shows  the  results  of  a  few  tests  made  on  strips  annealed  40 
min.  at  600**,  800®,  and  1,000°  C,  respectively ,  In  an  atmosphere  of  illumi- 

Table  4. — Strength  and  Ductility  of  Strips  Annealed  40  Min.  at  Different 

Temperatures  in  an  Atmosphere  of  Coal  Gas* 
Average  thickness,  before  annealing,  0.064  to  0.067  in. 


No. 


278 
279 

280 
281 

282 
283 


284 
285 


286 
287 


288 
289 


290 
291 


292 
293 


Brand  of  Ck>pper  and 
Annealing  Temperature 


Thiokneu, 
Inches 


Ultimate 

Strength  in 

Pounds  per 

Sq.  In. 


Peroentage 

Reduction 

of  Area 


Peroentage 

Elongation 

in2  In. 


Electrolytic  copper,  an- 
nealed at  600**  C. 

Average 

Mohawk     copper,     an- 
nealed at  600^  C. 

Average 

Copper   Range   copper, 
annealed  at  600^  C. 
Average 


Electrolytic  copper,  an- 
nealed at  800*>  C. 
Average 


Mohawk     copper,     an- 
nealed at  800^  C. 
Average 


I 


Copper  Range  copper,  ' 
annealed  at  800**  C. 


Average . 


Electrolytic  copper,  an- 
nealed at  LOOO"*  C. 
Average 


Mohawk     copper,     an- 
nealed at  1,000°  C. 
Average 


294  '  Copper    Range   copper,  , 

295  annealed  at  1,000°  C.     ' 

Average 


0.0690 
0.0680 
0.0685 
0.0690 
0.0670 
0.0680 
0.0670 
0.0670 
0.0670 

0.0710 
0.0710 
0.0710 

0.0700 
0.0690 
0.0695 

0.0695 
0.0700 
0.0698 

0.0670 
0.0710 
0.0690 

0.0690 
0.0700 
0.0695 

0.0690 
0.0690 
0.0690 


29.400 
29,100 
29.250 
29,600 
30,500 
30.000 
31.800 
31,700 
31,750 

21.500 
17,700 
19,600 

17,600 
19,000 
18.300 

20,700 
21,700 
21.200 

21,900 
22,300 
22,100 

21.300 
21.700 
21,500 

22,100 
22,100 
22,100 


Broke  at  shoulder 
Broke  at  shoulder 

Broke  at  shoulder 
Broke  at  shoulder 

89.20  Good  breaks 
39.40  Good  breaks 
39.30  Good  breaks 

12.35  Good  break 
Broke    in    several 
pieces 

Broke  at  shoulder 
Broke  in  jawi 


12.80  Good  breaks 
Broke  at  shoulder 


Broke  at  shoulder 
Broke  at  shoulder 


Broke  in  pieces 
18.15  Good  breaks 


Broke  in  jawi 
16.70  Good  breaks 


(22.0) 

(22.0) 

(22.0) 

(30.0) 

(25.5) 

(27.8) 

41.0 

43.0 

42.0 

12.0 
(9.0) 
(10.5) 

(8.0) 


11.0 

(11.0) 

11.0 

(14.5) 
(14.5) 
(14.5) 

(10.6) 

17.0 

(16.8) 


10.0 


*  Calculated  values  of  reduction  vary  between  49  and  51  per  cent. 
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Dating  gas.     The  previous  history  and  dimensions  of  the  strips  are  the 
same  as  in  the  case  of  the  preceding  tests. 

Discussion  of  TablbS;  Curves,  and  Microstructurb 

(1)  Teats  after  Cold-Rolling 

The  results  assembled  in  Table  2.have  been  plotted  in  Figs.  5,  6,  and 
7.  In  Fig.  5,  the  comparative  values  of  tensile  strength  in  the  three 
kinds  of  metal  are  shown;  in  Fig.  6,  the  comparative  values  of  elongation; 
and  in  Fig.  7,  the  comparative  values  of  reduction  of  area. 

It  will  be  observed  that  changes  in  temper  of  about  the  same  degree 
are  produced  by  rolling  the  three  kinds  of  metal  through  any  given  value 
of  reduction.  In  other  words,  these  tests  fail  to  develop  any  striking 
differences  of  rolling  temper  between  the  different  brands  of  copper  used. 
The  difficulty  of  obtaining  a  high  degree  of  accuracy  in  the  ordinary 
tensile  test  is  a  handicap  in  comparing  products  which  are  very  similar 
in  nature.  Testing  discrepancies  of  several  per  cent,  will  ordinarily 
occur  with  careful  handling  of  test  strips  from  the  same  sheet  of  metal. 
The  uneven  distribution  of  small  percentages  of  impurity  in  commercial 
products  is  a  source  of  irregularities  in  this  respect.  As  may  be  seen  in 
the  micrographs  (Fig.  d,  Plate  4,  is  typical  of  this  condition),  the  oxide 
particles,  originally  more  or  less  segregated  in  the  cast  cake,  are  drawn 
out  into  continuous  trains  in  the  rolled  product  and  it  is  obvious  that 
there  will  be  a  closer  grouping  of  the  zones,  or  attenuated  Unes  of  weak- 
ness in  some  cross-sectional  areas  than  in  others.  Furthermore,  the 
presence  of  oxide  interferes  with  the  normal  growth  of  grain  on  anneaUng, 
and,  consequently,  there  will  be  irregularities  of  grain  size  in  the  copper 
matrix  corresponding  to  segregations  of  oxide.  Such  a  condition  is 
shown  admirably  in  Fig.  o,  Plate  4,  where  coarser  grain  has  formed  on 
both  sides  of  an  extended  zone  or  band  sprinkled  with  oxide  particles.* 
Such  conditions  cannot  fail  to  be  responsible  for  variations  in  breaking 
load,  elongation,  and  reduction  of  area  among  the  duplicate  test  strips. 

An  accurate  average  (representing  the  mean  properties  of  the  metal) 
could,  of  course,  be  struck  from  tests  on  a  large  number  of  strips.  There 
is  always  a  limit  in  this  direction,  however,  and  we  decided  upon  four 
strips  as  the  largest  number  which  could  be  handled  in  this  investigation. 
It  will  be  noted  from  examination  of  the  tabulated  results  that  consider- 
able variations  both  of  strength  and  elongation  were  obtained  in  a  given 
set  of  tests.  It  may  be  left  to  the  individual  reader  to  form  his  own 
opinion  as  to  the  actual  value  of  the  averages  reported. 

•  MathewBon  and  Caesar,  in  a  paper  lately  sent  to  the  Intemalionale  Zeitschrift  fUr 
^daUographie,  have  discussed  the  effect  of  oxide  on  the,size  of  recrystaUized  grain  in 
pure  copper. 
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In  rejecting  any  seemingly  abnormal  result,  we  endeavored  to  be 
perfectly  fair  to  each  kind  of  metal.     In  general,  where  serious  irregulari- 
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FiQS.  5,  6,  AND  7. — Strength  and  Ductility  op  Rolled  Strips. 

ties  developed,  an  entirely  new  set  of  bars  was  tested  and  all  of  the  earlier 
results  rejected;  in  no  case  were  four  especially  favorable  or  unfavorable 


C.   H.   MATHEWBOK  AND   S.   M.   THALHEIMEB  .  1207 

results  selected  from  a  long  series  of  tests,  but,  in  some  eases,  averages 
were  struck  from  three  tests  when  there  seemed  good  reason  to  reject  the 
fourth. 

Such  differences  between  the  three  varieties  of  copper  as  appear  to 
be  real,  although  small,  may  be  summarized  in  the  following  statements: 

The  Copper  Range  product  decreases  in  ductility  as  measured  by 
elongation  more  rapidly  than  the  electrolytic  product  during  the  early 
stages  of  rolling  (down  to  about  20  per  cent,  reduction  of  area  by  rolling), 
but  both  products  increase  in  strength  about  equally,  while,  during  the 
later  stages  of  rolling,  both  products  decrease  about  equally  in  ducj^ility 
and  the  Copper  Range  metal  increases  in  strength  more  rapidly  than  the 
electrolytic  metal.  The  Mohawk  copper  occupies  a  more  or  less  inter- 
mediate position. 

Differences  in  ductiUty  as  measured  by  reduction  of  area  are  also 
confined  to  the  earUer  range  of  reductions  by  rolling.  While,  in  principle, 
the  measurement  of  reduction  of  area  possesses  some  advantages  over 
the  measurement  of  elongation  as  a  criterion  of  deformational  properties, 
since  the  former  is  more  nearly  independent  of  the  shape  of  the  test  piece, 
it  is  far  more  difficult  to  make  in  the  case  of  thin  flat  metal.  Our  meas- 
urements of  elongation  are,  therefore,  more  reliable  than  the  correspond- 
ing measurements  of  reduction  of  area.  In  the  present  case,  all  three 
kinds  of  material  show  practically  the  same  values  of  reduction  of  area 
after  the  reduction  by  rolling  has  passed  35  per  cent. 

From  the  general  point  of  view  that  the  Copper  Range  product  takes 
a  harder  temper  on  rolling  than  the  electrolytic  product,  but  does  not 
ultimately  become  less  ductile,  it  would  seem  that  both  might  be  able 
to  stand  the  same  amount  of  punishment  by  rolling,  but  that  the  latter 
might  roll  a  little  easier.  Since  the  pressure  exerted  in  rolling  cannot  be 
calculated  from  the  results  of  the  ordinary  tensile  test,  and  since  it  would 
require,  in  any  event,  comparative  determinations  of  the  yield-point 
stress  intensities  at  intervals  throughout  the  rolUng  range  in  order  to 
determine  which  of  the  two  materials  would  require  the  greatest  load  to 
start  permanent  deformation  at  any  stage,  the  above  statement  must, 
remain  subject  to  eventual  qualification  by  actual  test. 

Where  it  is  desired  to  finish  a  previously  annealed  product  with  a 
limited  amount  of  ductility,  but  increased  strength,  by  rolling  through 
several  numbers  of  gage,  it  is  quite  evident  that  an  appreciable  increase 
in  strength  without  sacrifice  of  ductility  may  be  secured  by  using  Copper 
Range  metal  instead  of  electrolytic  metal.  Thus,  rolling  from  No.  8 
to  No.  12,  B.  &  S.  gage,  a  reduction  of  about  40  per  cent.,  would  give 
the  Copper  Range  material  a  tensile  strength  about  1  ton  (per  square 
inch)  greater  than  that  of  the  electrolytic  material  similarly  treated, 
while  the  elongation  in  both  cases*  would  be  in  the  neighborhood  of  5 
per  cent. 
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In  order  that  the  well-known  curves  of  Grard^"  (electrolytic  copper) 
may  be  compared  with  our  own,  they  have  been  dotted  into  Figs.  5  and 
6.  Grard's  measurements  of  elongation  were  made  on  a  test  section 
100  mm.  long  (approximately  4  in.)  and,  for  this  reason,  show  much 
lower  values  than  our  own,  measured  in  2  in.,  until  the  region  of  slight 
ductility  is  reached  at  about  a  35  per  cent,  reduction  by  rolling.  From 
this  point  on,  the  stretch  becomes  sensibly  uniform  along  the  entire  test 
length,  making  it  of  little  consequence  whether  a  length  of  2  or  4  in.  is 
chosen,  and  our  results  are  practically  coincident  with  Grard's. 

Grard's  curve  of  breaking  strength  starts  somewhat  above  and  ends 
somewhat  below  our  curves.  Thus,  our  curves  show  a  higher  rate  of 
increase  of  strength  with  the  degree  of  reduction  by  rolling.  This  is 
doubtless  due  to  differences  in  the  dimensions  of  the  test  strips.  For 
reasons  previously  given,  we  used  test  strips  whose  thickness  decreased 
progressively  with  the  increase  in  reduction  by  rolling  (minimum  ratio 
of  test  length  to  Vsectional  area,  6J^  to  1;  maximum  ratio,  llj^  to  1), 
while  Grard's  practice  in  this  respect  is  not  clear.  He  shows  a  ratio  of 
5  to  1  in  a  sketch  of  the  test  piece,  but  later  states  that  a  variable  final 
cross-section  was  used. 

(2)  Tests  after  Annealing  under  Oxidizing  Conditions 

The  results  assembled  in  Table  3  have  been  plotted  in  Figs.  8  (strength), 
9  (elongation),  and  10  (reduction  of  area).  For  general  purposes  of  com- 
parison, Grard's^*  curves  from  tests  on  2-mm.  strips  of  electrolytic  copper 
and  Bardwell's^^  curves  from  tests  on  No.  12,  B.  &  S.  wire,  containing 
from  0.036  to  0.070  per  cent,  of  oxygen  and  an  indeterminate  amount  of 
silver,  are  shown  in  dotted  form. 

Naturally,  one's. attention  is  first  drawn  to  the  difference  between 
electrolytic  copper,  on  the  one  hand,  and  the  arsenical  coppers,  on  the 
other  hand,  with  respect  to  the  earUest  manifestation  of  an  annealing 
effect.  The  temperature  range  of  early  transformation  (annealing  period 
of  40  min.)  from  the  strain-hardened  condition  to  the  recrystaUized,  or 
annealed,  condition  is  equally  narrow  in  all  three  kinds  of  material;  it 
is  practically  coincident  in  the  two  arsenical  coppers,  but  lies  some  50** 
lower  in  the  electrolytic  copper. 

It  is  believed  that  these  are  the  first  systematic  tests  designed  to 
reveal  the  relative  softening  (annealing)  characteristics  of  commercially 
pure  copper  and  commercial  copper  containing  arsenic.  The  general 
tendency  of  arsenic  to  raise  the  effective  anneaUng  temperature  has  long 

»« Loc.  cU, 
"  hoc.  cit. 

»  E.  S.  Bardwell:  The  Annealing  of  Cold-Rolled  Copper,  Trans.,  vol.  49,  pp.  753- 
773  (1914). 
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been  known  on  the  basis  of  fragmentary  tests,  here  and  there,  under  a 
variety  of  conditions  diflScult  to  bring  into  any  sort  of  alignment.  Thus, 
F.  Johnson"  quotes  from  Tomlinson  to  the  effect  that  samples  of  rolled 
arsenical  copper  containing  0.36  per  cent,  of  arsenic  did  not  soften  after 
3  or  4  weeks  at  a  temperature  approaching  400°  P.  (205°  C),  while  samples 
of  pure  copper  were  practically  annealed.  Further,  the  arsenical  copper 
lost  only  6  per  cent,  of  its  strength  after  4  hr.  at  870°  C,  while  the  pure 
copper  lost  44  per  cent,  {i.e.,  was  presumably  completely  annealed). 

The  first  statement  above  is  quite  in  harmony  with  the  conditions 
shown  by  our  tests,  viz.,  the  range  of  softening  by  recrystallization  from 
the  strain-hardened  condition  is  always  carried  to  lower  temperatures  by 
prolonging  the  anneal.  In  softening,  the  arsenical  metal  lags  behind 
the  pure  copper  (temperature-lag  of  50°  C.  for  an  annealing  period  of 
40  min.  in  the  case  of  metal  containing  0.3  per  cent,  of  arsenic,  neglecting 
the  possible  effect  of  silver)  and  the  above  result  signifies  that  the  stated 
temperature  of  205°  C.  lies  well  within  the  temperature  range  of  softening 
based  upon  an  annealing  period  of  several  weeks  in  the  case  of  pure  copper, 
while,  in  the  case  of  the  arsenical  metal,  it  lies  below,  or  barely  within, 
the  temperature  range  of  softening  based  upon  a  similar  annealing  period. 

It  is  perfectly  clear,  without  undertaking  special  experiments  involv- 
ing variation  of  the  annealing  period,  that  arsenical  coppers,  such  as  the 
Copper  Range  product,  constitute  a  commonly  available  and  satisfactory 
material — superior  to  pure  copper— ^when  it  is  desired  to  preserve  a 
rolled  temper  in  the  face  of  considerable  variation  of  temperature  up  to 
some  200°  C. 

The  second  statement  taken  from  Mr.  Johnson's  paper,  which  seems 
to  indicate  a  difficulty  in  annealing  the  arsenical  metal,  cannot  be  brought 
into  harmony  with  the  results  of  our  tests.  We  find  that  the  separate 
temperature  ranges  of  early  softening  for  the  three  kinds  of  material  end 
at  a  very  nearly  common  (minimum)  temperature  of  complete  softening 
(some  325°  C.)  from  which  point  onward,  there  are  only  minor  differences 
in  the  annealing  characteristics  of  the  different  kinds  of  metal.  It  is 
inconceivable  that  any  of  these  products  should  lose  only  6  per  cent,  of 
their  strength  by  annealing  for  a  period  of  hours  at  red  heat.  Such  an 
effect  must  be  attributed  to  the  somewhat  higher  arsenic  content  (of 
doubtful  appUcation),  or  to  other  unknown  peculiarities  of  composition. 

As  far  as  the  present  comparisons  go,  we  are  able  to  state  that  the 
proper  annealing  temperature  for  electrolytic  copper  (dull  red)  will  pro- 
duce equally  satisfactory  results  in  the  case  of  Copper  Range  or  Mohawk 
copper. 

Outstanding  features  of  comparison  between  the  three  varieties  of 
copper  in  the  annealed  condition  may  be  summarized  as  follows: 

^*  F.  Johnson:  The  Influence  of  Impurities  on  the  Properties  of  Coppec,  MetailW' 
gical  and  Chemical  Engineering^  vol.  8,  pp.  670-575  (October,  1910). 
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Only  minor  differences  in  strength  throughout  the  entire  annealing 
range  of  400  to  1,000®  C.  were  observed.  As  a  rule,  after  a  given  anneal, 
the  difference  between  extreme  values  of  tensile  strength  (averages)  was 
less  than  1,000  lb.  per  square  inch. 

The  Copper  Range  product  consistently  showed  the  highest  values 
of  elongation  and  reduction  of  area  and  the  electrolytic  product  the  lowest, 
with  the  Mohawk  product  occupying  a  more  or  less  intermediate  position. 

It  is  important  to  observe  that,  in  the  temperature  region  of  deteri- 
oration, which  begins  in  the  neighborhood  of  700®  with  all  three  varieties, 
the  relative  ductilities  of  the  Copper  Range  and  electrolytic  products 
are  such  that  the  former  will  stand  an  extra  100®,  or  so,  of  overheating 
before  it  drops  to  the  ductility  value  of  the  latter.  This  means  that  if 
the  metal  is  allowed  to  come  to  a  bright  red  heat  in  annealing,  a  Copper 
Range  load  may  be  expected  to  emerge  with  about  the  same  ductility 
as  an  electrolytic  load  annealed  at  the  proper  temperature  of  low  redness, 
while  an  electrolytic  load  under  the  same  conditions  would  presumably 
fall  below  this  standard. 

It  will  be  noticed  that  Grard's  curve  of  tensile  strength  practically 
comcides  with  our  curves  after  an  annealing  temperature  of  about  300® 
is  reached,  while  BardwelFs  curve  lies  somewhat  above  ours,  as  would  be 
expected  in  the  case  of  wires,  but  rises  in  the  region  of  high  temperature 
anneals  for  some  obscure  reason.  The  tests  from  these  different  sources 
show  marked  discrepancies  with  respect  to  the  temperature  ranges  of 
initial  softening.  Since  the  location  of  this  range  (zone  de  detente  in 
Grard's  phraseology) 'depends  upon  the  period  of  anneal  and  the  degree  of 
preliminary  cold-working,  certain  discrepancies  would  be  expected,  al- 
though hardly  of  the  order  shown  in  these  comparisons.  As  may  be 
seen  from  the  initial  strength  values,  both  Grard  and  Bardwell  started 
their  tests  with  material  which  had  been  more  severely  reduced  (by  rolling 
or  drawing)  than  our  material.  Making  allowance  for  the  higher 
strengths  conmionly  shown  by  wires,  it  appears  that  the  materials  used 
by  both  of  these  authors  had  received  approximately  the  same  degree  of 
cold-working  and,  under  similar  annealing  conditions,  both  should  show 
a  lower  range  of  initial  softening  than  our  material.  Bardwell  kept  his 
wires  20  min.  in  the  furnace  and  Grard  kept  his  strips  30  min.  in  the  fur- 
nace, as  far  as  we  can  determine  from  his  general  description  of  procedure. 
Our  material  was  reduced  50  per  cent,  by  rolling  and  we  used  an  anneal- 
ing period  of  40  min.,  actual  time  of  heating  at  the  annealing  temperature. 

We  do  not  know  how  far  the  presence  of  a  small  amount  of  silver 
might  have  effected  Bardwell's  results,  but,  on  a  basis  of  equivalent 
purity,  the  temperature  ranges  of  initial  softening  found  by  both  authors 
should  not  be  greatly  dissimilar  and  they  should  lie  somewhat  behind 
the  corresponding  range  found  by  us  in  the  case  of  electrolytic  copper. 
As  matters  stand,  the  range  determined  in  our  experiments  occupies  an 
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intermediate  position.  Not  enough  definite  information  is  at  present 
available  to  permit  an  harmonious  interpretation  of  these  irregularites. 
It  is  particularly  to  be  desired  that  determinations  of  the  equilibrium 
positions  of  the  temperature  range  of  initial  softening  of  rolled  electro- 
Ijrtic  copper  for  various  reductions  be  made. 

Our  curves  of  elongation  similarly  occupy  an  intermediate  position 
between  those  of  Bardwell  and  Grard.  Owing  to  the  divergent  ratios 
of  test  length  to  diameter  (or  to  v^sectional  area),  the  actual  values  of 
elongation  vary  within  wide  limits.  A  purely  fortuitous  coincidence  be- 
tween Grard's  and  Bardwell's  values  is  noted  at  annealing  temperatures 
above  400°.  This  is  due  to  the  fact  that  Grard  used  a  ratio  of  approxi- 
mately 22  to  1  (length  to  v^sectional  area)  and  Bardwell,  a  ratio  of  ap- 
proidmately  150  to  1  (length  to  diameter),  which  choice  of  dimensions 
appears  to  have  compensated  for  the  flatter  gradient  of  stretch  of  the 
wires,  yielding  the  same  percentage  values  of  elongation. 

All  of  the  curves  show  practically  the  same  temperature  range  of 
deterioration  {zone  de  flSchiaaementy  in  Grard's  phraseology),  viz.,  from 
700°  upward. 

(3)  Tests  after  Annealing  under  Reducing  Conditions 

Bengough  and  Hill^*  obtained  some  strikingly  destructive  effects  by 
anneaUng  certain  arsenical  mixtures  in  reducing  gases,  which  led  them 
to  seek  for  an  explanation  in  the  constitutional  relationships  between 
copper,  arsenic,  and  oxygen.  Further  tests  by  the^same  authors  and 
also  by  Johnson^^  and  others  have  established  the  fact  that  both  drsenical 
and  non-arsenical  coppers  containing  oxygen  suffer  deterioration  by 
"gassing"  when  given  a  reducing  anneal  above  moderate  red  heat,  while 
deoxidized  copper  is  not  subject  to  this  disadvantage.  It  is  thus  reason- 
ably certain  that  the  effect  in  question  is  due  to  an  ordinary  reduction 
of  cuprous  oxide  by  hydrogen  or  other  gases  which  can  permeate  (i.e. 
dissolve  in)  solid  copper,  with  formation  "of  (bulky)  gaseous  products, 
thereby  causing  fissures  and  cavities  to  develop. 

We  have  endeavored  to  ascertain  the  relative  destructive  effects  which 
occur  on  annealing  the  three  kinds  of  copper  in  hand  under  typical  re- 
ducing conditions  at  several  representative  temperatures.  Accordingly, 
the  test  strips  were  annealed  at  600°,  800°,  and  1,000°  C.  in  an  iron  tube 
through  which  coal  gas  was  passed  in  sufficient  quantity  to  burp  freely 
at  the  discharge  end,  notwithstanding  a  certain  amount  of  decomposition, 
with  formation  of  soot,  in  the  tube. 

On  examination  of  Table  4,  in  which  the  results  of  these  tests  are  to 


"  Loc.  cU. 

"  F.  Johnson:  A  Method  of  Improving  the  Quality  of  Arsenical  Copper,  Journal 
of  the  InstUuU  of  Metals,  vol.  10,  pp.  283-4  (1913). 
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be  found,  it  will  be  seen  that,  of  the  whole  lot  of  strips  tested,  only  one 
set,  viz.,  that  composed  of  strips  from  the  Copper  Range  material  an- 
nealed at  600^,  showed  a  fair  retention  of  ductility.  Here,  an  elongation 
of  42  per  cent,  and  a  reduction  of  area  of  39.3  per  cent,  replace  the  normal 
values  of  56.9  and  50.15,  respectively,  attained  after  an  oxidizing  anneal 
at  the  same  temperature.  The  other  materials  after  anneal  at  this  tem- 
perature gave  unsatisfactory  breaks  and  lower  values  of  ductiUty,  as 
far  as  could  be  ascertained.  Destructive  effects — ^brittleness  and  an 
almost  entire  lack  of  elongation — were  obtained  throughout  in  the  case 
of  reducing  anneals  at  800^  and  1,000^.  As  far  as  may  be  judged  from 
the  small  number  of  tests  in  which  good  breaks  were  secured,  the  anneals 
at  1,000^  were  somewhat  less  destructive  than  the  anneals  at  800^.  This 
was  doubtless  due  to  the  protective  influence  of  a  dense  coating  of  car- 
bonaceous material  which  was  deposited  on  the  strips  at  the  highest 
annealing  temperature. 

All  fractures  showed  a  lack  of  luster  and  an  approximation  to  the 
brick-red  color  of  fractures  from  "set"  copper.  \ 

It  seemed  of  considerable  interest  to  determine  the  oxygen  content 
of  the  "gassed"  strips  in  the  usual  way,  viz.,  by  ignition  in  hydrogen. 
Accordingly,  representative  samples  were  sent  to  the  laboratory  of  the 
Michigan  Smelting  Co.  for  this  purpose.  Table  5  embodies  the  results 
of  analyses  from  this  source. 

Table  5. — Oxygen  Content  of  Annealed  Copper 


No.  of  Test  Strip 
(866  Table  4) 

Kind  of  Copper 

TemperAture  of  Anneal, 
Degrees  Centigrade 

Oxygen  Content,* 
Fer  Cent. 

278 

Electrolytic 

600 

0.0456 

280 

Mohawk 

600 

0.0441 

282 

Ck>pper  Range 

600 

0.0402 

284 

Electrolytic 

800 

0.0035 

286    . 

Mohawk 

800 

0.0060 

288 

Copper  Bange 

800 

0.0082 

290 

Electrolytic 

1,000 

0.0054 

293 

Mohawk 

1,000 

0.0010 

294 

Copper  Range 

1,000 

0.0053 

In  view  of  the  small  percentages  of  oxygen  found  in  the  material 
annealed  at  800®  and  1,000®,  it  is  obviously  not  justifiable  to  attach  great 
importance  to  the  differences  which  may  be  observed  in  comparing  the 
several  results.  The  analytical  data  are  in  general  agreement  with  the 
testing  results.  In  particular,  the  figures  indicate  partial  deoxidation 
of  the  material  at  600®  and  almost  complete  deoxidation  at  800®  and 
1,000®. 


*  The  initial  oxygen  content  of  the  different  kinds  of  copper  was  as  follows:  Elec- 
trolytic, 0.071  per  cent.;  Mohawk,  0.052  per  cent.;  Copper  Range,  0.055  per  cent. 
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In  general,  the  tests  in  this  section  indicate  that  the  Copper  Range 
material  is  somewhat  less  susceptible  to  the  evil  effects  of  a  reducing 
anneal  than  either  of  the  other  varieties  of  copper.  On  the  other  hand, 
they  show  that  none  of  these  coppers  will  retain  its  ductility  unimpaired 
after  a  40-inin.  period  of  anneal  under  actively  reducing  conditions  at  a 
temperature  even  as  low  as  600®. 

It  is  clearly  of  great  importance  to  regulate  carefully  the  combustion 
in  all  furnaces  used  for  heating  copper  preparatory  to  hot-rolling,  or  for 
annealing  copper  after  cold-working  (unless  the  metal  has  previously 
been  deoxidized). 

Microstructure 

Pieces  were  detached  from  the  ends  of  the  test  strips,  representing 
each  separate  anneal,  for  microscopic  examination.  Photomicrographs 
are  reproduced  in  the  accompanying  plates  in  sets  of  three  (electrol3rtiCj 
Mohawk,  and  Copper  Range  copper,  respectively,  to  correspond  with  the 
separate  anneals  at  intervals  of  100°,  beginning  with  200°  and  ending 
with  1,000°. 

Figs,  a,  b,  and  c,  of  Plate  1,  taken  from  strips  of  electrolytic,  Mohawk, 
and  Copper  Range  copper,  respectively,  annealed  at  200°,  are  thoroughly 
representative  of  the  structure  shown  by  the  cold-worked  metal  and  by 
metal  annealed  at  any  temperature  short  of  the  softening  point.  The 
ordinary  characteristics  of  severe  deformation,  viz.,  elongation  of  the 
grains  in  the  direction  of  rolling  and  wavy  lines  or  bands  of  deformation 
at  right  angles,  to  the  direction  of  rolling,  are  plainly  evident  in  tliese 
photomicrographs. 

The  curves  of  tensile  strength,  elongation,  and  reduction  of  area  (Figs. 
8,  9,  and  10,  respectively)  call  for  far-reaching  recrystallization  of  the 
electrolytic  copper  and  hardly  more  than  incipient  recrystallization  of 
the  other  varieties  at  the  next  temperature  of  anneal,  300°.  Accordingly, 
Fig.  d,  Plate  1,  shows  the  presence  of  numerous  minute  secondary  grains 
along  with  unaltered  fragments  of  the  primary  grains — some  of  them 
still  marked  by  lines  of  deformation,  while  Figs,  e  and  /  show  very  little 
evidence  of  recrystallization  at  this  magnification  (X77).^* 

Complete  recrystallization  has  occurred  in  all  cases  at  400°  and  Plates 
2  to  5,  inclusive,  show  the  growth  of  grain  which  takes  place  as  the  tem- 
perature of  anneal  is  increased  by  increments  of  100°  between  400°  and 
1,000°. 

Baucke"  has  published  counting  data  which  indicate  that  grain 

*•  A  satisfactory  examination  for  the  early  appearance  of  recrystallization  can  only 
be  made  at  moderately  high  magnifications.  For  the  sake  of  uniformity,  however, 
we  have  prepared  all  photomicrographs  at  the  magnification  which  has  proved  most 
serviceable  in  the  general  work. 

"  H.  Baucke:  On  Some  Recent  Micrographical  Investigations  of  Copper,  InCer' 
national  Association  for  Testing  Maierials,  Qth  Congress  {New  York),  Section  II14,  vol.  2. 
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growth  on  annealiiig  strain-hardened  copper  (of  unknown  purity)  in- 
creases gradually  up  to  700®,  but  much  more  rapidly  in  the  temperature 
region,  700  to  1,000®  C. 

The  photomicrographs  of  the  present  set  show  conditions  quite  in 
harmony  with  the  above  generalization  which  may  thus  be  extended  to 
include  the  three  varieties  of  copper  used  in  these  tests. 

We  have  not  undertaken  to  prepare  counting  data  from  these  photo- 
micrographs, believing  that  the  principal  elements  of  difference  are  such 
as  to  render  qualitative  comparisons  more  valuable  than  attempted 
quantitative  ones.  To  take  the  extreme  cases,  it  is  difficult  to  compare 
the  grain  size  of  the  electrolytic  samples  with  that  of  the  Copper  Range 
samples,  because  of  greater  variations  in  the  former  material.  These 
major  variations  are  due  to  the. presence  of  finely  subdivided  oxide  parti- 
cles which  are  concentrated  in  certain  portions  of  the  copper  matrix.  In 
such  regions,  the  mere  presence  of  the  oxide  particles  hinders  coalescence 
between  adjoining  grains  and  reduces  the  final  grain  size.^^ 

The  form  and  distribution  of  these  oxide  segregations,  as  well  as  the 
relative  conditions  presented  by  the  two  kinds  of  copper,  are  best  dis- 
cussed with  reference  to  their  genesis  in  the  cast  material. 

Fig.  fe,  Plate  6,  shows  at  the  left  a  section  through  primary  dendrites 
of  copper  in  a  dark  ground  mass  of  eutectic.  Planimetric  analysis  shows 
an  oxygen  content  of  0.14  per  cent. ;  equivalent  to  1.26  per  cent,  of  cuprous 
oxide.  From  the  regularity  of  arrangement,  it  is  probable  that  most  of 
the  light  areas  are  parts  of  the  same  dendritic  growth,  i.e.,  that  they  are 
not  separate  grains,  but  are  sections  from  the  same  grain  with  a  eutectic 
filling  in  the  interstices. 

If  we  increase  the  quantity  of  primary  copper  at  the  expense  of  the 
eutectic,  as  may  be  done  by  lowering  the  oxide  content,  the  light-grain 
sections  increase  in  area,  changing  their  contours  somewhat;  the  eutectic 
fiUing  becomes  attenuated  until,  with  an  oxygen  content  of  0.04  per 
cent,  (rather  low  for  commercial  tough-pitch  copper),  a  condition  similar 
to  that  shown  at  the  right  in  Fig.  6,  Plate  6,  is  obtained.  The  connection 
between  the  two  portions  of  this  figure  is  easily  seen.  The  filling  in  of 
the  interstices  with  pure  copper  has  obscured  the  principal  features  of 
regularity  which  could  be  observed  at  the  earlier  stage  of  dendritic 
growth,  but  it  is  highly  probable  that  most  of  the  light  sections  seen  in 
the  right-hand  micrograph  are  parts  of  the  same  grain,  i.e.,  possess  the 
same  specific  orientation. 

The  eutectic  filling  is  more  massive  in  some  places  than  in  others. 
Where  it  is  concentrated,  an  intensive  rolling  operation  will  result  in  a 
relatively  broad  band  of  eutectic,  i.e.,  more  or  less  parallel  trains  of  oxide 
particles  in  their  copper  matrix,  and,  where  it  is  attenuated,  narrow  bands 
will  result. 


^*  See  MathewBon  and  Caesar,  loc.  cit. 
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In  the  present  experiments,  we  started  with  a  planed  cake,  2  in.  thick, 
and  ended  with  test  strips  0.064  in.  thick.  Hence,  the  cake  was  elongated 
to  some  30  times  its  original  length  as  a  result  of  the  various  rolling  oper- 
ations, and  equiaxial  patches  of  eutectic  are  ultimately  replaced  by 
bands  of  var3dng  breadth  and  thickness  depending  upt>n  their  original 
dimensions. 

A  broad  band  of  this  sort  is  seen  in  Fig.  a,  Plate  4.  It  is  very  notice- 
able that  the  copper  grains  in  this  region  are  smaller  than  in  adjacent 
regions  free  from  oxide.  Other  bands  of  varying  width  may  be  seen  in 
other  photomicrographs  of  the  present  collection. 

In  the  case  of  the  Copper  Range  material,  as  cast  (Fig.  a,  Plate  6), 
three  important  structural  observations  may  be  made:  (1)  there  is  no 
eutectic,  (2)  a  cored  structure  (shadowy  markings)  appears,  showing 
variation  in  internal  concentration  with  respect  to  arsenic,  and  (3)  the 
individual  oxide  particles,  which  are  located  with  some  regularity  in 
,  the  ultimate  interstices  corresponding  to  final  solidification  between  and 
within  the  grains,  are  considerably  larger  than  the  eutectic  particles  of 
oxide  in  the  electrolytic  material.** 

The  early  annealing  of  this  metal  removes  all  traces  of  the  cored  struc- 
ture and  no  indication  of  variable  internal  composition  was  observed  in 
the  product  as  received  from  the  rolling  mill. 

Some  fundamental  questions  of  constitution  in  the  system,  copper, 
arsenic,  oxygen;  have  not  yet  been  answered.  It  is  clear  that,  up  to 
some  3  per  cent.,  the  arsenic  exists  as  a  solid  solution,  probably  of  copper 
arsenide  (CusAs)  in  copper'®  and  that  arsenic  does  not  deoxidize  copper, 
but  exerts  a  coarsening  and  scattering  effect  on  the  oxide  particles,'*  as 
mentioned  above.  This  latter  effect  may  be  due  to  a  greatly  increased 
solubility  of  cuprous  oxide  in  arsenical  copper,  whereby  the  whole  amount 
of  oxide  (present  in  tough-pitch  metal)  remains  dissolved  until  almost  all 
of  the  copper  is  frozen,  and  finally  separates  out  in  coarse  form  from  this 
concentrated  solution  (as  a  eutectic  containing  an  unusually  high  per- 
centage of  oxide). 

Whatever  the  constitutional  reasons  for  these  facts,  it  is  quite  evident 
that  the  trains  of  oxide  particles,  formed  when  Copper  Range  metal  is 
rolled,  are  always  made  up  of  coarse  units  which  do  not  oppose  grain 
growth  as  effectively  as  the  highly  dispersed  form  of  oxide  present  in 
electrolytic  copper.     Consequently,  irregularities  of  distribution  do  not, 


^*  These  could  not,  as  a  r\ile,  be  seen  as  separate  particles  under  the  magnification 
generally  adopted.  They  are  closely  sprinkled  throughout  the  dark  structure  element 
(eutectic)  shown  in  both  parts  of  Fig.  6,  Plate  6.  The  conclusions  reached  above  were 
verified  by  careful  examination  of  the  samples  in  question  at  adequate  magnifications. 

*<*  Bengough  and  Hill:  loc,  cU. 

'^  Jolibois  and  P.  Thomas:  Du  R61e  de  F Arsenic  dans  les  Cuivres  industriels, 
Revue  de  MHaUurgie,  vol.  10,  pp.  1264r-1270  (1913). 
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in  this  case,  result  in  great  local  variations  of  grain  size,  as  in  the  case  of 
electrolytic  copper. 

The  principal  conclusions  drawn  from  our  structural  observations  are: 

(a)  From  the  standpoint  that  uniformity  of  recry stall]  zed  grain  size 
18  a  mark  of  quality  in  an  annealed  product,  metal  rolled  from  the  ordinary 
Copper  Range  cake  is  superior  to  metal  rolled  from  the  ordinary  electro- 
l}rtic  cake  containing  about  the  same  percentage  of  oxide. 

(h)  With  regard  to  the  specific  effect  of  included  oxide  particles  on  the 
properties  of  the  finished  sheet,  bar,  or  tube,  if  a  small  number  of  coarse 
particles  are  less  harmful  than  a  large  number  of  fine  particles,  the  Copper 
Range  product  is  superior  to  the  electrolytic  product.  JoUbois  and 
Thomas^^  take  this  view  as  a  matter  of  course.  We  are  not  prepared  to 
make  any  definite  assertion  in  this  respect.  It  is  not  improbable  that 
with  one  form  of  oxide  distribution  the  metal  may  be  particularly  adapt- 
able to  one  type  of  service,  while  the  other  form  may  be  preferable  when 
the  metal  must  meet  requirements  of  another  type.'' 

A  fair  sample  of  tube  manufactured  from  Copper  Range  cake  (by 
hot-rolling,  cupping,  and  closing  in)  is  illustrated  by  Fig.  c,  Plate  6. 

Typical  photomicrographs  representing  the  structure  of  test  strips 
spoiled  by  annealing  in  coal  gas  are  shown  in  Figs,  d  and  /,  Plate  5.  The 
first  of  these  photos  shows  a  sample  of  electrolytic  copper  annealed  at 
800°  and  photographed  at  the  usual  magnification  of  68  diameters.  This 
may  be  compared  with  Fig.  a,  Plate  4,  representing  the  same  material 
amiealed  normally  at  this  temperature. 

By  careful  examination  of  these  photomicrographs,  it  may  be  seen  that 
many  of  the  boundaries  between  grains  of  the  ''gassed"  metal  (Fig.  d, 
Plate  5)  have  a  dotted  appearance,  while,  in  the  normally  annealed  metal 
(Fig.  a,  Plate  4),  these  boundaries  are  close  and  sharp  (the  oxide  dots  are 
sprinkled  at  random  without  regard  to  the  grain  boundaries).  Observa- 
tions of  this  sort  are  best  made  at  higher  magnifications,  as  illustrated 
by  Figs,  e  and  /,  Plate  5,^taken  from  Copper  Range  metal  annealed  at 
800°  in  air  and  coal  gas,  respectively.  The  first  figure  shows  several 
trains  of  unaltered  oxide  particles  (magnification,  450),  while  the  last 
figure  shows  an  abundance  of  gas  cavities  located,  for  the  most  part,  in 
the  grain  boundaries.  No  imaltered  oxide  (distinguishable  by  its  color, 
etc.)  could  be  seen  in  the  samples  ruined  by  drastic  annealing  in  coal  gas, 
i-e.,  in  those  annealed  at  800^  and  1,000^,  while,  in  the  samples  annealed 
at  600^  some  unaltered  oxide  could  be  seen,  along  with  the  gas  cavities 
resulting  from  reduction  of  the  remainder. 

**  Doubtless,  in  every  case,  the  metal  is  improved  by  eliminating  oxide.  Arsenical 
<^pper  can  be  deoxided  with  phosphorous,  the  commonest  of  deoxidizing  agents, 
without  exceasive  loss  of  arsenic  It  is  worthy  of  note  that  the  producers  of  Copper 
Hange  copper  profess  to  be  able  to  bring  the  metal  to  pitch  with  a  lower  content  of 
oxide  than  is  commonly  attained  in  the  case  of  non-arsenical  copper. 
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Those  who  have  seen  Campbell's**  recent  micrograph  of  over-poled 
copper  may  recall  its  close  resemblance  to  our  last  micrograph  (Fig.  /, 
Plate  5)  of  copper  ruined  by  anneal  in  coal  gas.  Deterioration,  in  both 
cases,  is  due  to  the  development  of  gas  within  the  grains  and  along  the 
grain  boundaries. 

Aside  from  the  comparative  observations  already  described,  we  have 
made  no  special  study  of  the  effects  of  annealing  under  reducing,  or  other 
exceptional  conditions.  It  is  beyond  the  scope  of  this  paper  to  discuss 
the  results  obtained  by  other  authors  in  this  particular  field. 

Our  observations  indicate  that  the  oxide  contained  in  any  of  these 
brands  of  copper  is  decomposed  by  coal  gas,  even  at  temperatures  of  low 
redness.  Presumably,  such  components  of  coal  gas  as  can  travel  freely 
in  copper  at  red  heat  (certainly  hydrogen,  probably  carbon  monoxide, 
and  perhaps  certain  hydrocarbons)  effect  an  ordinary  reduction  of  the 
oxide,  mth  formation  of  bulky  gaseous  products  which  seem  to  acciunu- 
late  in  the  grain  boundaries,*^  but  also  occur  abundantly  within  the  grain 
substance. 

The  character  of  the  fractures  indicates  that  the  tensile  break  occurs 
very  largely  at  the  grain  boundaries  through  the  gas  cavities,  whose  lining 
seems  to  be  devoid  of  luster. 


•*  hoc,  cii, 

**  G.  D.  Bengough  and  D.  Hanson's  tensile  tests  {Journal  InsiiltUe  of  Metals,  vol. 
12,  pp.  56-88,  1914)  have  shown  that  these  boundaries  are  favored  regions  of  weakness 
at  high  temperatures  (the  grains  pull  apart  at  the  boundaries),  which  indicates  that 
evolved  from  within  would  find  its  path  of  least  resistance  along  the  boundaries. 


a.— Copper  RsDie  Capper  u  Cmil.    O.OSS  Per  Cent,  Oi 


c. — ADDtalnl  Tub«  ftom  Copper  Rsuce  Capper. 

Plate  6.-— Saupleb  Etched  with  Auuonia  and  Utdrooen  Peroxide,     x  69. 
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ToQgsten-Molybdenum    Equilibrium    Diagram    and    System    of 
Crystailization 

BT  lAT  JKFntlBB,*  B.B.,  UET.  E.,  CLBVEI.A>n>,  OHIO 
(AriHU  MmCioi,  Saptambec,  IBIS) 
In  this  pai>er,  it  is  proposed  to  outline  a  method  for  the  determination 
of  melting  points  of  those  metals  and  alloys  having  high  fusion  tempera- 
tores.  The  application  of  the  method  as  used  to  determine  the  melting 
points  of  alloys  of  tungsten  and  molybdenum  will  be  given.  It  will  be 
seen  from  these  results  that  tungsten  and  molybdenum  form  a  completely 


isomorphous  series.     This  is  also  verified  by  the  accompanying  photo- 
micrographs. 

Tungsten  and  molybdenum  have  been  found  to  crystallize  in  the  same 
Bystem,  namely,  isometric,  and  the  crystal  units  are  cubes.    These 
determinations  were  made  by  examining  etching  pits  in  the  pure  metals. 
*  Cue  School  of  Applied  Science. 
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Description  of  Apparatus 

Fig.  1  shows  a  partial  section  of  the  apparatus  used  for  determining 
the  melting  points  of  the  alloys.  Wi  is  a  water-jacketed  metal  housing 
with  a  mercury  seal  m2  at  the  bottom,  hi  is  a  hydrogen  inlet  and  Aj 
a  hydrogen  outlet,  ci  is  the  top  electrode  which  is  water-cooled,  as 
indicated  by  Wi,  This  electrode  is  supported  by  the  post  p,  to  which  it  is 
fastened  by  means  of  an  adjustable  sleeve,  cz  is  the  bottom  electrode 
which  floats  in  a  bath  of  mercury  mi.  This  mercury  is  contained  in  the 
casting  fc,  which  is  water-cooled,  as  shown  by  Wz-  The  whole  apparatus 
is  mounted  on  the  base  b  made  of  electrical  insulating  material.  The 
electrodes  are  suitably  connected  to  a  current  regulator,  and  the  voltmeter 
and  ammeter  are  properly  inserted  in  the  circuit. 

Method  of  Making  Deierminaiions 

Wires  {S),  2%^  in.  between  electrode  contacts  and  0.030  in.  in  diameter, 
were  inserted  in  the  electrodes  and  hydrogen  was  allowed  to  flow  through 
the  inclosed  chamber  until  the  air  was  expelled.  Electric  current  was 
then  passed  through  the  wire,  starting  with  low  amperage  and  gradually 
increasing  until  fusion  occurred.  The  time  of  fusion  is  easily  determined 
because  the  circuit  is  broken  and  the  ammeter  ceases  to  register.  The 
readings  of  the  voltmeter  and  ammeter  are  recorded  with  each  increase 
in  electric  current  so  the  fusion  wattage  can  be  accurately  calculated. 

Besides  using  samples  of  the  same  size,  other  conditions  must  be 
maintained  constant;  for  example,  the  flow  of  hydrogen  through  the 
inclosed  chamber,  the  flow  of  water  through  each  of  the  water  jackets, 
and  the  temperature  of  the  water  at  the  intake.  The  electrical  resistance 
of  the  electrodes  and  their  connections  is  so  small  that  it  can  be  neglected 
in  the  calculation  for  drop  of  potential  when  compared  to  the  drop  of 
potential  between  the  two  electrodes. 

Calibration  of  the  Apparatus  rising  Samples  of  Known  Melting 

Points 

For  calibrating  the  apparatus  wires  of  pure  platinum,  pure  molyb- 
denum and  pure  tungsten  were  used.  These  wires  were  all  of  the  same 
size  and  same  length.  The  number  of  watts  to  fuse  each  is  shown  in 
Table  1. 

Table  1 

Material  Fusion  Wattage 

natinuin 144 

Molybdenum 400 

Tungsten 1,800 

By  considering  the  fusion  wattage  of  tungsten  as  100  per  cent.,  the 
fusion  wattage  of  molybdenum  is  22.2  per  cent,  and  of  platinum,  8  per 
cent. 


z 


^ 
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The  curve  in  Fig.  2  is  obtained  by  plotting  the  following  temperatures 
against  the  corresponding  fusion  wattage  percentages: 


Table  2 

Room  Temperature. 
Decreee  Centigrade 

Per  Cent,  of  Tungsten 
Fusion  WatUge 

20 

0.0 

1,755 

8.0 

2,500 

22.2 

3,300 

100.0 

The  temperature  3,300**  C.  is  recommended  as  the  most  probable 
figure  for  the  melting  point  of  tungsten  by  Dr.  Langmuir,^  and  also  by 
the  Nela  Laboratories.* 


Degrees 
Oentliniwie 
8^800 


20       80       40       60       60        70       80       90      100 
Per  Cent  of  Tungsten  Fusion  Wattage 

Fig.  2. — Per  Cent,  op  Tungsten  Fusion  Wattage  at  Different  Temperatures. 

If  a  sample  of  unknown  melting  point,  having  the  same  diameter 
and  same  length  as  the  standardizing  samples,  be  fused  in  the  apparatus, 
Its  fusion  temperature  can  be  interpolated  from  its  fusion  wattage,  from 

*  I.  Langmuir:  Melting  Point  of  Tungsten,  Physical  Review ,  Series  2,  pp.  138-157 
(August,  1915). 

'A.  G.  Worthing:  The  True  Temperature  Scale  for  Tungsten  and  its  Emissive 
Powers  at  Incandescent  Temperatures,  Journal  of  the  Franklin  Inatitvief  vol.  181,  No. 
3,  pp.  417-418  (March,  1916). 
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the  curve  shown  in  Fig.  2.  A  discussion  will  be  found  below  outlining 
the  possible  sources  of  error  in  the  determination  of  melting  points  by 
this  method. 

ResvUs  Obtained  vnih  Tungsten-Molybdenum  Alloys 

The  results  are  shown  in  Table  3,  and  the  points  on  the  equilibrium 
diagram  are  shown  in  Fig.  3. 

Decrees 
Oentlgrade 


100 
0 


90 
10 


80 


70 
80 


60         60  40 

40         60         60 
Mo  Per  Cant 


80 
TO 


80 


10 
90 


0 
100 


FiQ.  3. — Equiubrittm  Diaqbam  of  Tunqsten  and  Molybdenum. 
Table  3. — Fusion  Results  Obtained  with   Tungsten-Molybdenum  Alloys 


Molybdenum, 

Tungsten, 

Watte  to  Fuee   , 

Per  Cent,  of  Tungsten 

Fusion  Temperature, 

Per  Cent. 

Per  Cent. 

Fusion  Wattage 

Degrees  Centigrade 

100 

0 

400 

22.2 

2,500 

99 

1 

410 

22.8 

2,510 

95 

5 

445 

24.7 

2,580 

90 

10 

452 

25.2 

2,600 

80 

20 

509 

28.25 

2,670 

70 

30 

541 

30.1 

2,710 

50 

50 

710 

39.4 

2,890 

40 

60 

797 

44.2 

2,960 

30 

70 

1,003 

57.2 

3,100 

10 

90 

1,341 

74.5 

3,220 

5 

95 

1,650 

91.7 

3,280 

1 

99 

1,768 

98.2 

3,295 

0 

100 

1,800 

100.0 

3,000 

The  soUdus  and  liquidus  curves  are  drawn  tentatively,  it  being,  of 
course,  impossible  to  determine  either  of  these  curves  by  this  method. 
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The  point  of  breakdown  of  the  alloys  under  the  action  of  the  electric 
current  probably  lies  between  the  solidus  and  the  liquidus.  Most  of  the 
points  shown  in  the  diagram  in  Fig.  3  lie  between  the  proposed  solidus 
and  liquidus  curves.    The  fact  that  two  points  lie  outside  of  the  area 

mcluded  between  these  two  curves  may  be  explained  by  sa3ring  that  the 

< 

accuracy  of  any  of  the  determinations  may  be  subject  to  an  error  of  from 
30  to  50°  C. 

As  an  example  to  show  how  the  temperature  is  obtained  from  the 
fusion  wattage,  let  us  consider  the  alloy  containing  50  per  cent,  tungsten 
and  50  per  cent,  molybdenum.  The  fusion  wattage  of  this  alloy  was 
710,  and  the  fusion  wattage  of  tungsten  was  1,800. 

j^^  X  100  =  39.4 

This  alloy  fuses,  therefore,  at  39.4  per  cent,  of  the  fusion  wattage  of 
tungsten.  Referring  to  Fig.  2,  it  will  be  seen  that  39.4  per  cent,  of  the 
fusion  wattage  of  tungsten  corresponds  to  a  temperature  of  about  2,890**  C. 

The  equilibrium  diagram  suggests  that  tungsten  and  molybdenum 
form  a  series  of  alloys  which  are  completely  soluble  in  each  other,  both  in 
the  liquid  and  solid  states,  and  that  the  melting  point  of  any  alloy  of  the 
series  will  lie  between  the  melting  points  of  the  end  members.  The 
photomicrographs  confirm  this  indication. 

Mennicke'  observes  that  two  compounds  between  tungsten  and 
molybdenum  occur,  namely,  WjMog  and  WMo.  The  former  would 
contain  79.3  per  cent,  tungsten  and  the  latter  65.7  per  cent.  Samples 
closely  approximating  these  analyses,  as  well  as  those  containing  more  and 
less  tungsten,  have  solid-solution  structures.  All  of  the  evidence  of  the 
melting  points  indicates  that  tungsten  and  molybdenum  form  no  inter- 
metallic  compounds. 

Microscopic  Examination  of  Tungsten  and  Molybdenum  Alloys 

Fig.  4  is  a  photomicrograph  of  nearly  pure  tungsten  at  a  magnifica- 
tion of  320  diameters.  The  impurity  in  this  sample  is  non-metallic. 
A  few  globules  of  this  can  be  seen  in  the  micrograph.  This  sample 
contains  by  analysis  about  99.8  tungsten. 

Figs.  5  to  7  inclusive  are  photomicrographs  at  320  diameters  of  the 
various  alloys  of  tungsten  and  molybdenum,  as  indicated  in  the  accom- 
panying descriptions.  It  can  be  readily  seen  that  all  of  these  alloys  are 
solid  solutions. 

Judging  from  the  micrograph  (not  here  reproduced)  alone,  of  an  alloy 
of  20  per  cent,  tungsten  and  80  molybdenum,  the  black  areas  might  be 
considered  to  be  due  to  a  second  phase;  in  fact,  these  regions  represent 

'  H.  Mennicke:  Die  Mitcdlurgie  des  WolframSj  p.  262.  Berlin,  1911. 
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areas  rich  in  tungsten.    Under  high  power  (1,200  diameters)  the  separa- 
tion of  the  two  phases  could  readily  be  detected.    That  they  were  not  in 
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equilibrium  was  also  demonstrated  by  an  additional  heating  which  com- 
pletely homogenized  the  alloy.  In  this  connection,  it  would  probably  be 
advisable  to  mention  the  manner  in  which  these  alloys  were  made.* 


The  oxides  of  both  tungsten  and  molybdenum  were  obtained  in  a 
very  pure  powdered  state,  and  reduced  to  powdered  metal  by  hydrogen. 


*  The  method  of  making  and  awaging  these  alloys  was  practically  the  same  u 
described  by  R.  W.  Moore,  MelaUwgicil  ajid  Chemical  Engineering,  vol.  12,  p.  186 
(March,  1914). 
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The  alloye  were  made  up  by  thoroughly  mixing  the  tungsten  and  molyb- 
denum powders  in  the  proper  amounts.  The  mixed  powders  were  then 
pressed  into  briquets  which  were  sintered  at  about  1,300""  C.  in  an  atmos- 
phere of  hydrogen  and  were  then  heated  by  electric  current  to  about 
lOO'C,  below  the  fusion  points  (which  were  previously  determined  with  a 
separate  series  of  briquets  of  these  alloys)  for  a  period  of  12  min.  The 
alloys,  after  receiving  the  above  treatment,  were  completely  crystalline. 
They  may  be  ground  by  an  emery  wheel  to  a  certain  diameter,  and  the 
fu^on  points  determined  on  these  samples.  They  may  also  be  heated 
and  rolled  or  swaged  to  any  desired  diameter.  The  alloys  used  in  these 
experiments  were  swaged  to  0.030  in.  diameter,  the  original  cross-section 
of  the  briquets  being  about  Ke  ^q.  in. 

The  micrographs,  with  the  exception  of  Fig.  6  (which  is  a  section  of 
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0.080  in.  wire),  represent  longitudinal  sections  of  these  0.030  in.  diameter 
wires  after  fusion.  The  portions  shown  in  these  micrographs  represent 
sections  which  have  not  been  fused  but  which  have  been  heated  to  tem- 
peratures very  near  their  melting  points.  It  will  be  evident  that  fusion 
of  the  wire  will  take  place  at  a  point  approximately  equidistant  between 
the  two  electrodes  and  that  adjacent  portions  of  the  wires  would  be  heated 
to  very  near  the  melting  point.  In  these  sections,  therefore,  the  solution 
of  the  tungsten  and  molybdenum  must  talte  place  while  both  metals  are 
in  the  solid  state,  or  at  least  while  the  tungsten-rich  portion  is  in  the  solid 
state.  In  case  solution  and  diffusion  have  not  been  complete,  two  phases, 
one  rich  in  tungsten,  the  other  rich  in  molybdenum,  will  be  present.  In 
some  of  the  briquets,  the  solution  was  not  complete  during  the  first 
heating,  but  was  complete  after  the  second  heating.     All  evidences  of 
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the  existence  of  two  phases  were  removed  when  sufficient  time  was 
given  the  samples  at  temperatures  near  their  melting  points. 
•x«.  These  samples  were  also  examined  after  fusion  in  the  parts  which 
had  been  molten.     There  was  no  evidence  of  a  second  phase  in  any  of 
these  samples;  that  is,  they  were  all  true  solid  solutions. 

Fig.  8  represents  a  micrograph  of  pure  molybdenum.  By  analysis, 
it  contains  about  99.9  per  cent,  molybdenum.  Its  purity  is  also  suggested 
by  the  micrograph.  » 

These  alloys  are  all  readily  etched  by  boiling  hydrogen  peroxide. 
Etching  pits  in,  the  various  alloys  were  produced  by  a  comparatively 
long  attack — say,  3  or  4  min.  in  boiling  hydrogen  peroxide.  All  of  the 
evidence  from  the  etching  pits  points  to  the  conclusion  that  the  crystal 
units  are  cubes.  The  alloys  of  tungsten  and  molybdenum,  when  made 
up  according  to  the  above  description,  seem  to  form  etching  pits  very 
much  more  readily  than  either  of  the  pure  metals.  This  might  be 
attributed  to  the  existence  of  small  particles  of  either  the  tungsten-rich 
or  the  molybdenum-rich  portions,  which,  by  the  difference  in  composi- 
tion, would  facilitate  solution  at  that  point,  thus  easily  forming  the 
etching  pits. 

It  is  of  interest  in  this  connection  to  note  that  the  average  grain  as 
seen  in  the  micrographs  represents  about  1,000  of  the  original  particles 
of  the  powdered  metals.  This  free  grain  growth  is  positive  evidence  of 
free  solution  of  the  metals  in  each  other.  Had  the  metals  remained  as 
separate  phases,  each  would  have, impeded  the  coalescence  of  the  grains 
of  the  other. 

Probable  Accuracy  of  Results 

The  quantity  of  heat  represented  by  the  fusion  wattage  is  independent 
of  the  quantity  of  heat  actually  necessary  to.  raise  a  mass  of  metal,  sim- 
ilar to  that  used  in  these  samples,  up  to  its  melting  point.  It  depends 
on  the  ability  of  the  sample  under  investigation  to  dissipate  heat  in  the 
apparatus.     The  thermal  balance  may  be  expressed  by  the  equation: 

Heat  added  electrically  = 

heat  dissipated  by  radiation,  convection  and  conduction. 

The  conditions  obtaining  within  the  apparatus  are  such  that  if  the 
fusion  of  tungsten  is  represented  by  1,800  watts,  1,750  watts  could  be 
dissipated  for  a  long  period  of  time  without  fusion  of  the  tungsten. 

The  probable  errors  in  the  determinations  are  outlined  below: 

Errors  due  to: 

1.  Differences  in  emissivity  of  the  various  alloys  under  investigation. 

2.  Differences  in  their  specific  heats,  heat  capacities  and  heat  con- 
ductivities. 

3.  The  selective  volatilization  of  molybdenum. 
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4.  Variations  in  the  flow  of  water  through  the  water  jackets,  of  the 
temperature  of  the  water  at  the  intake,  and  of  the  flow  of  hydrogen 
through  the  inclosed  chamber. 

5.  Slight  variations  in  the  diameter  of  the  wires. 

6.  Possible  changes  of  melting  points  due  to  chemical  or  physical 
combination  of  aUoys  with  hydrogen. 

7.  The  personal  equation  in  drawing  the  per  cent,  of  tungsten  fusion 
wattage-temperature  curve. 

8.  The  readings  of  the  electrical  instruments. 

The  differences  in  emissivity  of  the  various  alloys  will  make  but  a 
slight  difference  in  the  fusion  wattage,  for  the  reason  that  only  about  one- 
twentieth  of  the  total  heat  dissipated  is  lost  by  radiation,  and  the  elec- 
trodes combined. 

The  errors  due  to  No.  2  will  be  very  slight,  for  the  same  reason. 

Langmuir  and  McKay*  report  that  at  2,800**  K.,  the  heat  loss  from  a 
tungsten  filament  in  hydrogen  at  750  mm.  pressure,  is  103^  times  greater 
than  that  due  to  radiation;  and  at  3,500*'  K.,  the  heat  loss  due  to  hydrogen 
is  llj^  times  that  due  to  radiation.  The  conditions  obtaining  in  the 
apparatus  used  by  the  writer  were  such  that  the  losses  due  to  the  hydro- 
gen are  considerably  more  than  is  reported  by  these  authors^ 

Dr.  Irving  Langmidr*  suggests  errors  due  to  the  selective  volatiliza- 
tion of  molybdenuih.^  The  apparent  high  melting  points  of  the  alloys 
containing  5  per  cent,  tungsten,  95  per  cent,  molybdenum,  and  5  per 
cent,  molybdenum,  95  per  cent,  tungsten,  may  be  partially  due  to  this 
selective  volatilization.  The  enrichment  of  the  alloys  in  tungsten,  due 
to  this  cause,  could  not  have  been  more  than  3  per  cent,  in  any  case,  as 
was  indicated  by  the  diameter  measiu'ements  of  the  wires  before  and  after 
fusion. 

The  errors  due  to  No.  4  are  probably  greater  than  those  due  to  all 
other  variations  combined.  Errors  due  to  these  causes,  however,  are 
not  necessary  if  the  proper  precautions  are  taken.  These  precautions 
would  consist  of  supplying  the  water  for  the  water  jackets  from  a  con- 
stant-level and  constant-temperature  tank.  The  same  conditions 
should  be  fulfilled  with  the  hydrogen. 

To  find  out  the  approximate  magnitude  of  these  errors,  samples  of 
the  same  wires  were  fused  on  different  days,  so  that  the  valve-settings 
for  jacket  water  and  hydrogen  had  to  be  re-made  and  re-adjusted. 

•I.  Langmuir  and  G.  M.  J.  Mackay:  The  Dissociation  of  Hydrogen  into  Atoms, 
Pt.  I,  Journal  of  the  American  Chemical  Society,  vol.  36,  pp.  1708-1722  (1914). 

'  Private  communication,  March  29,  1916. 

'I.  Langmuir:  The  Vapor  Pressure  of  Metallic  Tungsten,  Physical  Review, 
Series  II,  vol.  2,  No.  5,  pp.  329-342  (November,  1913). 

I.  Langmuir  and  G.  M.  J.  Mackay:  The  Vapor  Pressure  of  the  Metals  Platinum 
and  Molybdenum,  Physical  Review^  Series  II,  vol.  4,  No.  4,  pp.  377-386  (October, 
1914). 
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Several  determinations  showed  a  maximum  variation  in  the  melting 
point  of  molybdenum,  as  interpolated  from  the  curve  in  Fig.  2,  of  about 
40°  C,  and  a  maximum  variation  in  the  melting  point  of  tungsten  of 
about  10°  C.  The  results  on  tungsten  seem  very  favorable  when  it  is 
considered  that  some  methods  for  determining  its  melting  point  may 
vary  150°  C. 

Allowing  for  other  errors,  encountered  in  the  determinations,  it  is 
reasonably  accurate  to  assume  that  the  maximum  errors  toward  the 
molybdenum  side  of  the  diagram,  are  about  50°  C,  and  toward  the 
tungsten  side  of  the  diagram,  30°C.  Allowing  for  errors  of  this  mag- 
nitude, the  points  in  Fig.  3  would  fit  nicely  between  the  solidus  and 
liquidus  curves. 

Errors  due  to  slight  variations  in  the  diameters  of  the  wires  will  be 
very  small,  owing  to  the  fact  that  the  ability  of  small  wires  to  dissipate 
heat  in  a  gas  depends  largely  upon  the  existence  of  a  relatively  thick  film 
of  gas  surrounding  the  wire.  The  thickness  of  this  gas  film  is  dependent 
largely  upon  the  pressure  of  the  gas,  and  not  upon  the  diameter  of  the 
wire.  The  fact  that  these  errors  were  slight  was  confirmed  by  an  experi- 
ment, and  was  also  predicted  by  Dr.  Langmuir'  from  his  extensive  work 
along  this  line. 

The  suggestion  was  made  by  Dr.  G.  K.  Burgess*  that  hydrogen 
might,  by  reason  of  either  chemical  or  physical  combination  with  the 
alloys,  change  their  melting  points.  The  writer  has  no  knowledge  con- 
cerning this.  It  might  be  well  to  add,  however,  that  the  handing  of  this 
type  of  alloys  at  high  temperatures  is  done  almost  entirely  in  hydrogen. 
'  To  ascertain  the  approximate  errors  due  to  the  drawing  of  the  curve 
in  Fig.  2,  it  was  plotted  independently  on  two  sheets  of  paper.  The 
maximum  difference  between  the  two  curves  was  about  10°  C.  at  about 
60  per  cent,  of  the  tungsten  fusion  wattage.  To  facilitate  the  interpola- 
tion of  temperatures  from  fusion  wattages,  this  curve  was  drawn  on  a 
large  piece  of  cross-section  paper,  so  that  the  reading  errors  would  be 
reduced  to  a  minimum. 

The  wattage,  as  determined  by  volts  and  amperes,  was,  of  course, 
quite  accurate,  so  errors  from  this  source  were  negligible. 

Concerning  the  probable  accuracy  of  results  obtained  by  this  method, 
Dr.  Irving  Langmuir  writes:  *'I  think  the  method  you  are  using  for 
estimating  the  temperature  of  filaments  should  give  reasonably  accurate 
results."  He  points  out,  among  other  things,  the  desirability  of  making 
chemical  analyses  after  heating,  to  determine  the  actual  composition  of 
the  alloy  at  the  time  of  fusion.  Dr.  G.  K.  Burgess  writes:  "This  method 
seems  to  me  susceptible  of  very  considerable  accuracy." 

'  I.  Langmuir:  The  Dissociation  of  Hydrogen  into  Atoms,  Pt.  II.,  Journal  of  the 
American  Chemical  Societyj  vol.  37,  pp.  417-458  (March,  1915). 
•  Private  communication,  April  6,  1916. 
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The  author  is  convinced  that  the  method  is  sUBCeptible  of  greater 
accuracy  than  was  obtained;  that,  with  careful  attention  ^ven  to  the 
coDainiction  and  operation  of  the  apparatus,  melting  points  can  be  deter- 
mined within  10°  C.  The  method  promises  to  offer  solutions  for  several 
equilibrium  diagrams  of  the  higher  melting-point  metals. 

The  Crystal  System  of  Tungsten  arid  Molybdenum 

Fig.  9  showB  etching  pits  in  tungsten,  minified  775  diameters.  As 
ean  readily  be  seen  from  the  micrograph,  these  etching  pits  represent 
sections  of  cubes  cut  by  a  plane  parallel  to  a  face. 

Fig.  10  shows  triangular  etching  pits  which  are  formed  by  a  plane 
cutting  three  faces  of  a  cube. 


Fio.  11. — Etching  Pits  IN  MoLTBDENtrti. 

X775. 

Fig.  11  represents  the  intersection  of  the  six  faces  of  a  cube  by  a  plane. 
By  changing  the  direction  of  the  illumination,  the  writer  was  able  to 
exttmine  the  bottom  of  this  etching  pit  and  could  easily  see  that  it  was  a 
section  of  a  cube. 

It  was  noticed  in  some  of  the  micrographs  that  the  etching  pits  instead 
of  having  straight  line  sides  had  curved  sides.  Goldschmidt^"  thinks 
that  these  curved  Unes  are  due  to  the  convection  currents  set  up  in  the 
etching  solution  by  the  unequal  rate  of  attack  at  various  points.  '  The 
solution  will  be  used  up  most  rapidly  at  places  where  the  greatest  amount 
of  surface  is  exposed.  This  will  cause  a  flow  of  fresh  solvent  by  diffusion. 
The  corners  of  the  etching  pits  will  offer  greater  resistance  to  the  flow  of 
convection  currents  than  the  adjacent  portions,  and  hence  will  not 

"  V.  Goldschmidt :  From  the  Borderland  between  Crystallography  and  Chemistry, 
BuBelin  Unwerttty  of  WUcoitHn,  Science  Series,  vol.  3,  No.  2,  pp.  21-38  (March, 
1908). 
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receive  so  much  fresh  solution.  The  lines  bounding  the  polygons  are 
thus  dissolved  at  unequal  rates  and  become  curved  instead  of  straight. 
A  great  many  etching  pits  in  all  conceivable  positions  were  examined 
microscopically.  From  these  examinations,  the  author  has  very  little 
hesitancy  in  saying  that  both  tungsten  and  molybdeniun  crystallize  in 
the  isometric  system  and  the  form  of  their  crystal  units  is  the  cube. 
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Zircon-Bearing  Pegmatites  in  Virginia 

BY  THOMAS   L.    WATSON,*   PH.   D.,    CHARLOTTESVILLE,   VA. 
(Ariiona  Meeting,  September,  1916) 

IntrodmUion 

The  occurrence  of  zircon  in  pegmatites  of  acidic  composition  is  re- 
corded by  many  observers  both  in  this  country  and  abroad,  and  they 
form  one  of  the  most  important  geologic  modes  of  occurrence  of  the 
mineral.*  As  is  well  known,  commercially  the  most  important  American 
locality  for  zircon  is  near  Zirconia  in  Henderson  County,  North  Carolina, 
where  many  tons  of  the  mineral  have  been  obtained  from  a  kaolinized 
pegmatite  dike  100  ft.  wide  and  traced  for  IJ^  miles  along  the  direction 
of  strike  N.  50**  E. 

Zircon  may  be  developed  in  pegmatites  as  inclusions  in  the  principal 
rock-forming  minerals,  chiefly  quartz  and  feldspar,  and  as  a  separate 
megascopic  c  onstituent  in  the  form  of  grains  and  crystals  not  exceeding, 
as  a  rule,  2  'n.  in  size,  and  usually  smaller.  In  the  Henderson  County, 
North  Carolina,  pegmatite,  zircon  occurs  in  prismatic  crystals  with  pyra- 
midal terminations  measuring  up  to  30  mm.  in  diameter,  associated 
chiefly  with  the  feldspar.  In  some  of  the  apatite  veins  of  Canada,  which 
are  closely  allied  to  pegmatite  dikes,  zircon  is  reported  in  crystals  up- 
ward of  6  in.  in  length  and  2  in.  and  more  in  thickness. 

Zircon  in  large  masses  occurs  in  Virginia  in  the  well-known  pegmatites 
near  Amelia  in  Amelia  County,  and  near  Gouldin  in  Hanover  County. 
Both  localities -are  in  the  middle  eastern  portion  of  the  Piedmont  Plateau 
province,  and  are  separated  by  a  distance  of  about  40  miles  in  a  northeast- 
southwest  direction.  The  rocks  of  both  areas,  including  the  pegmatite 
bodies,  are  in  an  advanced  stage  of  decay,  and  the  hard  and  moderately 
fresh  rocks  are  concealed  beneath  a  cover  of  variable  thickness  of  rock 
decay  derived  by  the  normal  processes  of  weathering.     Exposures,  there- 


•  Professor  of  Geology,  University  of  Virginia,  and  State  Geologist  of  Virginia. 

^  For  a  summary  of  the  properties,  occurrence,  and  uses  of  zircon,  see  paper  by 
T.  L.  Watson  and  F.  L.  Hess  on  Zirconiferous  Sandstone  near  Ashland,  Virginia,  in 
BvUetin  of  PkUosopkUal  Society  of  the  University  of  Virginiaj  Scientific  Section,  vol.  1, 
No.  11,  pp.  267-202.  (1912.) 
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fore,  of  even  moderately  fresh  rock  in  the  two  areas  are  rare  except  along 
stream  courses. 

Pegmatite  dikes  occur  in  most  of  the  Virginia  Piedmont  counties,  and 
the  detailed  study  of  them  now  in  progress  by  the  State  Geological 
Survey  will  doubtless  add  to  those  of  Amelia  and  Hanover  Counties  that 
are  zircon-bearing.  The  particularly  interesting  features  of  the  zircon 
noted  in  the  pegmatites  of  the  two  Virginia  localities  are  (1)  its  occurrence 
in  massive  forms  of  unusual  size,  and  (2)  its  association  in  the  two 
localities  with  an  entirely  different  group  of  rarer  minerals,  although  the 
pegmatites  of  each  area  are  of  granitic  composition.  Zircon  and  apatite 
are  the  only  rare  minerals  that  have  been  found  alike  in  the  two  areas, 
and,  so  far  as  the  pegmatite  bodies  have  been  worked,  zircon  is  more 
abundant  in  the  pegmatites  of  the  Hanover  County  area  than  in  those  of 
Amelia  County. 

Amelia  County  Area 

The  pegmatite  bodies  occurring  near  Amelia  Courthouse  in  Amelia 
County  have  long  been  known  for  the  variety  of  rare  minerals  found  in 
them,  many  of  which  were  of  unusual  size.  The  dikes  have  been  worked 
from  time  to  time  for  a  long  period  of  years  as  a  source  of  commercial 
mica  and  feldspar,  and  to  a  less  extent  of  minerals  for  the  gem  trade. 

The  country  rock  is  a  thinly  foliated,  moderately  dark-colored,  fine- 
grained, biotite  gneiss  or  schist,  containing  more  or  less  muscovite. 
Where  measured,  the  foliation  strikes  N.  25®  to  30°  E.  and  dips  40°  to 
50°  N.  W.  Diabase  dikes  of  Mesozoic  age  intrude  the  rocks  in  places. 
The  pegmatite  bodies  are  dike-Uke  in  form  and  nearly  vertical,  with  the 
direction  of  trend  doubtful.  They  cut  across  the  foliation  of  the  schists 
and  the  large  ones  will  measure  more  than  50  ft.  across.  They  are  cut 
by  joints,  but  there  is  no  evidence  of  schistose  structure  developed  from 
metamorphism. 

The  pegmatites  are  of  granitic  (acidic)  composition,  containing 
feldspar,  including  the  potash  varieties,  orthoclase  and  green  raicrocline, 
and  the  soda  variety,  albite,  with  quartz  and  muscovite,  and  a  large 
number  of  rarer  minerals.  The  principal  rock-forming  minerals  are  not 
uniformly  distributed  through  all  parts  of  the  pegmatites,  but  their 
distribution  is  very  irregular,  first  one  and  then  another  of  these  minerals 
predominating  in  different  parts.  The  albite,  occurring  in  splendid 
crystallizations  as  reticulated  platy  forms  of  bluish  white  to  white  color 
and  frequently  transparent,  is  of  a  high  degree  of  purity  as  indicated  in 
the  two  following  analyses. 

The  texture  of  the  pegmatites  is  granular  consertal  rather  than 
graphic.  Miarolitic  cavities  have  been  observed  in  some  of  the  openings 
made  in  the  pegmatites.     One  of  these  was  of  large  size,  the  walls  of 
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which  were  lined  with  crystals  of  smoky  quartz  and  pure  white  crystals 
of  albite,  some  as  transparent  as  glass.' 

Analyses  of  Albite  from  Amelia  County,  Virginia 

I  II 

SiOj 68.44  68.22 

Al,Oi 19.35  19.06 

Fe,0, 0. 15 

CaO 0.40 

Na,0 11 .67  11 .  47 

K,0. . . .' 0.43  0.20 

HtO 0.69 

99.89  100.19 

Specific  gravity 2 .  605 

I.  R.  N.  MuBgrave,  Chemical  News,  vol.  46,  p.  204  (Nov.  3,  1882). 

II.  E.  T.  Allen,  Btdletin  No.  591  of  U.  S.  Geological  Survey,  p.  300  (1915). 

• 

The  rarer  minerals  include  representatives  of  five  distinct  chemical 
groups:  (1)  Haloids,  including  fluorite;  (2)  silicates,  including  garnet 
(spessartite),  black  tourmaline,  beryl,  helvite,  allanite,  and  zircon;  (3) 
nicbates,  including  columbite;  (4)  tantalates,  including  microlite;  and 
(5)  phosphates,  including  apatite  and  monazite.  With  the  exception  of 
fluorite,  tourmaline,  and  zircon,  each  of  the  minerals  has  been  analyzed 
with  the  results  shown  below.  Some  of  these  minerals  have  been  found 
only  occasionally  in  the  AmeUa  pegmatites  and  are  very  rare.  Many  of 
them  attained  unusual  size,  such  as  crystals  of  beryl  3  to  4  ft.  long  and  18 
in.  thick,  columbite  in  crystalline  masses  weighing  6  to  8  lb.,  allanite 
crystals  more  than  15  in.  long,  microUte  in  masses  up  to  8  lb.  in  weight, 
and  monazite  in  masses  larger  than  those  of  microlite.*  Zircon  has  been 
noted  in  small  crystals  and  in  masses  weighing  several  pounds.  Stibnite 
and  galena  have  been  reported,  but  they  are  extremely  rare  and  have  not 
been  seen  by  the  writer. 

Among  the  rarer  minerals  found  in  the  Amelia  County  pegmatites, 
analyses  of  the  garnet,  beryl,  helvite,  allanite,  columbite,  microlite, 
apatite,  and  monazite  have  been  made  and  are  given  below  in  the  order 
named.  The  general  character  and  mode  of  occurrence  of  these  minerals 
in  the  AmeUa  County  pegmatites  have  been  fully  described  by  Professor 
Pontaihe.'*  No  analysis  has  been  made  of  the  zircon.  It  is  much  less 
abundant  than  in  the  pegmatites  of  the  Hanover  County  area  and  prop- 
erly belongs  to  the  more  sparingly  occurring  rare  minerals  in  the  Amelia 
County  area. 

*  W.  P.  Fontaine:  Notes  on  the  Occurrence  of  Certain  Minerals  in  Amelia  Coivity, 
Virginia,  American  Journal  of  Science,  Series  3,  vol.  25,  p.  332  (1883). 

*W.  F.  Fontaine,  i1nd.,pp.  330-339  (1883). 

*  Ibid.,  pp.  330-339  (1883). 
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Spessartite 

Beryl 

I               II 

III 

SiO, 

36.34 

35.35 

SiO, 

65.24 

A1,0, 

12.63 

20.41 

A1,0, 

17.05 

FeiO, 

2.75 

Fe,0, 

2.20 

FeO 

4.67 

1.75 

BeO 

12.64 

MnO 

44.20 

38.70 

CaO 

0.57 

MgO 

0.47 

None 

Na,0 

0.68 

CaO 

1.49 

0.94 

H,0 

2.70 

Ign. 

Trace 

0.27 

101.08 

99.70 

100.17 

Specific  gravity 

4.20 

Specific  gravity 

2.702 

I.  C.  M.  Bradbury:  Chemical  News,  vol.  50,  p.  220  (Nov.  7, 1884).     See  also  W.  H. 
Seamon,  Chemical  News,  vol.  46,  p.  195  (Oct.  27, 1882). 

II.  F.  W.  Clarke:  BuUetin  No.  60  of  U.  S.  Geological  Survey,  p.  129  (1890). 

III.  R.  W.  Barker:  Analysis  of  a  Beryl  from  Amelia  C.  H.,  Amelia  Co.,  Virginia, 
American  Chemical  Journal^  vol.  7,  No.  3,  pp.  175-176  (Oct.,  1885). 


Hdvite 

« 

AlUnite 

IV 

V 

VI 

SiO, 

25.48 

31.42 

SiO, 

32.35 

BeO 

12.63 

10.97 

AI2O, 

16.42 

MnO 

39.07 

40.56 

Fe,0, 

4.49 

FeO 

2.26 

2.99 

CesOi 

11.14 

Mn 

8.66 

8.59 

Di,0, 

6.91 

S 

4.96 

4.90 

La,Oi 

3.47 

A1,0, 

2.95 

0.36 

FeO 

10.48 

CaO 

0.71 

MnO 

1.12 

NaaO 

1.01 

1                 CaO 

11.47 

K2O 

0.43 

Na,0\ 
K,0    J 

0.46 

• 

98.16 

99.79 

H,0 

2.31 

100.62 

S[}ecific  gravity 

3.25 

Specific  gravity 

3.323 

IV.  R.  Haines:  Proceedings  of  Academy  of  Natural  Sciences  of  Philadelphia,  1882, 
p.  101. 

V.  B.  E.  Sloan:  Chemical  News,  vol.  46,  p.  195  (Oct.  27, 1882). 

VI.  F.  P.  Dunnington :  Proceedings  of  Academy  of  Natural  Sciences  of  PkUadelphui, 
1882,  p.  103. 
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Ck>lumbit« 

MioroUte 

VII 

VIII 

Nb,0. 

31.40 

Ta,0, 

68.43 

Ta,0» 

53.41 

.     Nb,0, 

7.74 

SnOi 

Trace 

WO, 

0.30 

FeO 

5.07 

SnOt 

1.05 

MnO 

8.05 

CaO 

11.80 

CaO 

1.27 

MgO 

1.01 

MgO 

0.20 

BeO 

0.34 

Y,0.(?) 

0.82 

UO,  . 

1.59 

Y,0, 

(Ce,  Di),0, 

0.23 
0.17 

100.22 

Specific  gravity 

6.48 

Fe,0, 

0.29 

A1,0, 

0.13 

• 

Na,0 

2.86 

K,0 

0.29 

F 

2.85 

H,0 

1.17 

100.25 

Specific  gravity 

5.656 

VII.  F.  P.  Dunnington:  American  Chemical  Joumalf  vol.  4,  No.  2,  p.  138  (May, 
1882). 

VIIL  F.  P.  Dunnington:  American  Chemical  Joumalj  vol.  3,  No.  2,  pp.  130-133 

(May,  1881). 


Apatite 

Monasite 

IX 

X- 

XI 

PiO, 

CaO 

F 

CI 

A1,0, 

Fe,0, 

Insol. 

Ign. 

41.06 
53.94 
3.30 
Trace 
0.19 
0.81 
0.63 
0.81 

PiO, 

C€20, 

La,0, 
Di,0, 
(Y,  Er),0, 
SiO,  . 
ThO, 
Fe,0» 
A1,0, 
Ign. 

Specific  gravity             ^ 

24.04 

16.30 

10.30  \ 

24.40/ 

1.10 

2.70 

18.60 

0.90 

0.04 

26.12 
29.89 

26.66 

2.85 
14.23 

Sp«ific  gravity 

100.74 
3.161 

0.67 

98.38 

100.42 
5.30 

IX.  G.  H.  Rowan:  Chemical  News,  vol.  50,  p.  208  (Oct.  31,  1884). 

X.  P.  p.  Dunnington:  American  Chemical  Journal,  vol.  4,  No.  2,  p.  140  (May,  1882). 

XI.  8.  L.  Penfield:  American  Journal  Science,  vol.  24,  pp.  250-254  (1882). 
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Hanover  County  Area 

The  zircon-bearing  pegmatites  of  Hanover  County  form  a  part  of 
the  recently  discovered  but  fairly  well-known  rutile  area  of  Goochland 
and  Hanover  Counties,*  which  lies  about  25  miles  northwest  of  Richmond 
(see  map,  Fig.  1).  The  principal  rock  of  the  region  is  a  gneiss  of  variable 
composition,  chiefly  micaceous   (biotite  and  muscovite)  and  at  times 


Contour  interval  50  feet 
Fio.  1. — Topographic  Map  or  a  Part  of  Hanover  Conurr,  Virginia,  Show- 
IHO    Location    of    Gocldin    Zircon-Be arinq    Peomatite    Area.      (Based  on 
Goochland  Sheet  of  U.  S.  Geological  Survey.) 

hornblendic,  cut  by  numerous  pegmatites,  some  of  which  are  rutile- 
bearing,  and  a  variety  of  basic  igneous  rocks.  Microscopic  study  of  thin 
sections  of  the  gneiss  shows  it  to  conform  in  composition  to  an  original 
acidic  igneous  rock  of  the  granite  type.  The  banded  structure  is  second- 
ary, developed  by  regional  metamorphism. 

The  pegmatite  bodies  range  up  to  4  ft.  and  more  in  width,  are  of 
light  color  and  granitic  composition,  and  lie  mostly  in  the  foUation  planes 
of  the  gneiss.    Like  the  inclosing  gneiss,  they  have  been  mashed  and 

'  T.  L.  WftUon  and  8.  Taber:  Geology  of  the  Titanium  and  Apatite  Depositsof 
Virginia,  Virginia  Geologieal  SuTvey  BvUdin,  III  A,  pp.  248-261  (1913).. 
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squeezed  from  metamorphism  and  are  schistose  in  structure.  Much  of 
the  feldspar  has  been  granulated  and  the  quartz  mashed  into  lens-like 
masses.  The  pegmatites  are  dominantly  feldispathic,  containing  both 
potash  and  soda-lime  varieties,  with  some  quartz,  and  less  muscovite 
and  biotite.  Neither  amphiboles  nor  pyroxenes  occur  in  the  pegmatites 
of  the  Hanover  or  Amelia  County  areas.  Rutile  in  small  grains  and 
masses  up  to  15  and  20  lb.  and  more  in  weight*  is  an  important  mineral 
in  some  of  the  Hanover  County  pegmatites,  and  is  found  over  parts  of 
the  area  in  such  quantity  as  to  be  of  commercial  value. 

The  rutile  is  an  original  constituent  of  the  pegmatites  and  much 
of  it  shows  granulation  and  mashing  hke  the  fieldspar  and  quartz. 
Besides  the  usual  rock-forming  minerals  of  the  pegmatites,  the  rarer 
minerals  are  exceptionally  few  in  number.  Rutile,  the  most  abundant 
and  important  one,  is  associated  with  ilmenite  which  may  occur  as 
separate  grains  and  masses  or  as  an  intimate  mixture  or  intergrowth 
with  rutile.  Occasional  apatite  has  been  found,  and  in  places  indica- 
tions of  the  former  presence  of  pyrite. 

In  addition  to  these,  zircon  has  recently  been  found  associated 
with  rutile  in  the  pegmatites  near  Gouldin  in  the  Hanover  portion  of 
the  rutile  area.  (See  map.  Fig.  1.)  The  mineral  has  been  found  in 
irregular  fragments  and  masses  up  to  about  2  lb.  in  weight.  One  of 
the  larger  masses  examined  by  the  writer  appears  to  have  been  broken 
from  a  large  crystal  of  the  mineral.  Like  the  other  constituents  of  the 
pegmatites,  every  specimen  of  the  zircon  studied  shows  mashing  and 
squeezing  from  metamorphism.  The  color  is  irregular  even  in  the  same 
mass,  ranging  from  reddish-brown  through  grayish  to  colorless.  Although 
a  chemical  analysis  of  the  zircon  has  not  been  made,  laboratory  tests 
carried  out  on  a  number  of  pieces  of  the  mineral  show  it  to  be  quite 
pure.  The  many  pieces  of  the  mineral  found  on  the  surface,  due  to  the 
extensive  weathering  of  the  pegmatite  bodies,  encourage  the  belief  that 
the  mineral  is  by  no  means  a  rare  constituent  of  the  dikes  in  this  area, 
and  may  be  found  in  quantity  to  be  of  commercial  value. 


•  F.  L.  Hess  mentions  one  mass  of  rutile  that  was  reported  to  have  weighed  200  to 
3001b.    Mining  World,  vol.  33,  pp.  305-307  (Aug.  20,  1910). 
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Calculations  with  Reference  to  the  Use  of  Carbon  in  Modem 

Blast  Furnaces 

DiflcuBsion  of  the  paper  of  H.  P.  Howland,  printed  in  BvUeHn  No.  Ill,  March, 
1916,  pp.  627  to  650. 

A.  H.  Lbb,  Buffalo,  N.  Y.  (communication  to  the  Secretary*). — The 
statements  and  results  recorded  in  Mr.  Rowland's  paper  can  be  accounted 
for  by  the  use  of  coke  with  a  low  sulphur  content  (0.60  and  under). 
This  aUows  the  furnaces  to  be  run  on  a  small  volume  of  acid  slag,  which 
it  is  presumed  was  done  in  Mr.  Howland's  practice.  H.  A.  Brassert 
has  admitted  that  this  was  the  largest  factor  in  low  fuel  consumption  in 
his  practice.  Where  the  coke  contains  from  1.00  to  1.25  per  cent,  of 
sulphur  the  situation  is  quite  different  and  I  doubt  whether  the  results 
mentioned  by  Mr.  Rowland  could  be  obtained  under  such  circumstances. 

N.  M.  Langdon,  Mancelona,  Mich,  (communication  to  the  Secre- 
tary!).— Gnmer's  ideal  working  (which  is  but  a  statement  of  the  law 
first  enunciated  by  Bell)  as  given  in  Gordon's  Translation  of  Studies  of 
Blast  Furnace  Phenomena^  "supposes  that  the  reduction  of  the  oxide  of 
iron  is  effected  by  the  CO  only,  without  intervention  of  solid  carbon." 

This  ideal,  if  reached,  would  mean  theoretically  perfect  or  100  per 
cent.  eflSciency  of  reduction.  The  workings  of  the  large  number  of  fur- 
naces as  given  in  Bell's  and  Gruner's  great  works  do  not  show  that  this 
standard  of  perfection  ever  was  reached.  This  problem  has  been  worked 
out  by  the  writer  for  a  number  of  furnaces,  and  his  results,  as  well  as  those 
given  by  others,  all  show  a  failure  to  reach  perfection.  Some  furnaces, 
however,  approach  nearer  to  perfection  than  others.  The  "ideal"  as 
given  by  Gruner  was  not  stated  as  a  solved  problem  in  blast-furnace 
practice,  but  as  an  ideal  to  tl^e  attainment  of  which  furnace  managers 
should  strive.  A  study  of  the  factors  involved  from  every  angler  is  inter- 
esting and  instructive  and  the  paper  on  this  subject  contributed  by  H.  P. 
Howland  is  no  exception  to  the  rule.  This  article  is  fairly  open  to  criti- 
cism, not  because  of  the  unique  method  of  presenting  the  subject,  but 
for  the  reason  that,  as  the  writer  conceives,  erroneous  assumptions  are 
taken  which  lead  naturally  to  incorrect  conclusions. 

Referring  to  the  example  of  two  furnaces  compared  to  show  the 
efficiency  of  the  fuel  and,  for  better  illustrating  the  comparison,  re- 
arranging the  data  as  follows: 


•  Received  May  9,  1916. 
t  Received  May  1,  1916. 
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Exhibit  1 


Coke 


Total  Carbon 


Carbon  Used  in  Iron 
and  Flue  Duat 


1 

2,100 

la 

1,800 

2 

2,500 

1,848 
1,586 
2,200 


100 
100 
100 


Carbon  Burned  at 
Tuy&refl 


1,486 
1,486 
1,486 


Carbon  Used  for 
Direct  Reduotion 


262 

0 

614 


'•    bls^^ioo)  ><  1^^ 

1-  (i,58'^' ~r^^  X  1^ 
^'   (2,26s~-i:oo)  X  ^^ 


=  86  per  cent,  efficiency. 
=  100  per  cent,  efficiency. 
=  70 . 8  per  cent,  efficiency. 


In  the  above  figures  no  account  has  been  taken  of  the  carbon  required 
for  reduction  of  the  metalloids,  which  is  always  direct.  The  general 
context  of  the  article,  as  well  as  the  tables  and  the  one  case  when  the 
amount  of  carbon  required  for  the  reduction  of  the  metalloids  is  stated, 
shows  it  to  be  small.  Therefore,  without  vitiating  the  conclusions  to  be 
drawn,  it  may  be  neglected. 

Case  (1)  shows  85  per  cent,  efliciency,  (la)  100  per  cent,  and  (2) 
70.8  per  cent.  This  is  correct  for  the  conditions  assumed,  but  a  further 
examination  shows  100  per  cent,  efficiency  of  carbon  burned  at  the  tuy- 
eres and  the  whole  of  the  inefficiency  located  at  the  top  or  reducing  zone. 
Had  the  reduction  of  the  ore  been  100  per  cent,  inefficient,  that  is,  had  the 
reduction  been  made  with  direct  carbon  only,  it  would  have  required  677 
lb.  of  carbon.    Letting  a  equal  the  amount  of  solid  carbon  actually  used 

in  the  reducing  zone,  the  equation  — ^„^ —  X  100  gives,  the  percentage 

of  efficiency  in  this  zone.     Applying  to  the  above  we  have  as  the  eflB- 
ciency  of  reduction: 

Exhibit  2 

,    677  -  262       ^,   ^ 
Case  1.  -    -^jj    -  =61.3  per  cent. 

fi77  —  0 
Case  la.     v.--^   -      =  100  per  cent. 

„  677-614       .  „ 

Case  1. ^jj — -  =9.3  per  cent. 

These  percentages  are  instructive  and  show  that,  in  order  to  secure 
maximum  efficiency  in  the  combustion  of  carbon  in  the  blast  furnace, 
attention  should  be  directed  to  the  reducing  zone. 

Quoting,  "Table  1  shows  clearly  that,  at  least  in  these  furnaces, 
there  is  no  law  governing  the  relation  between  coke  consumption  and  the 
per  cent,  of  the  carbon  which  is  burned  at  the  tuyeres.''     For  comparison 
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and  discussion,  the  data  of  the  two  examples  6  and  18,  are  stated  and  some 
additional  data  inserted. 

Exhibit  3 


Coke 


Carbon  of 

Coke  Gasified 

in  Furnace 


Carbon  Gasified 


At  Tuy&rea 


Reducing  Zone 


Per  Cent. 

Burned  at 

Tuyeres 


Efficiency 

of 
Reduction 


Stone 
Used 


5 

2,198 

1,813 

1,494 

319 

82.4 

52.9 

1,003 

18 

1,699 

1,376 

1,155 

221 

83.9 

67.4 

804 

24 

1,623 

1,360 

1,090 

270 

80.2 

60.1 

775 

19 

1,673 

1,384 

1,182 

202 

85.0 

1 1 

70.2 

780 

While  the  carbon  burned  at  the  tuyeres  has  a  direct  reference  to  coke 
consumption,  yet  a  comparison  of  percentages  is  misleading,  for  the  reason 
that  this  carbon  is  only  a  part  of  the  total  carbon  burned  and  this  other 
part,  burned  in  the  reducing  zone,  is  variable  according  to  the  efficiency 
of  reduction.  The  fact  that  a  furnace  is  working  with  low  coke  con- 
sumption does  not  by  any  means  indicate  that  it  is  even  closely  approach- 
ing Gruner's  ideal.  This  is  shown  by  24  in  Exhibit  3.  It  will  be  noted 
that  the  coke,  total  carbon  gasified,  and  carbon  gasified  at  tuyferes  are 
lower  than  18,  while  the  carbon  gasified  in  the  reducing  zone  is  higher, 
showing  a  lower  efficiency  of  reduction.  The  carbon  required  at  the 
tuyeres  of  any  furnace  is  governed  entirely  by  the  quantity,  composition 
and  character  of  the  materials  entering  the  furnace  and  the  pig  iron  pro- 
duced. The  carbon  required  in  the  reducing  zone  depends  upon  the 
character  of  the  metallic  oxides,  the  composition  of  the  pig  produced  and 
largely  upon  the  degree  of  efficiency  of  reduction.  From  what  has  been 
said,  it  is  obvious  that  if  this  dictum  is  accepted,  under  similar  conditions 
that  furnace  which  shows  the  highest  percentage  of  efficiency  of  reduc- 
tion and  thus  approaches  Gruner's  ideal  will  show  the  lowest  coke  con- 
sumption, and  naturally  that  is  the  condition  to  be  desired. 

The  high  coke  of  No.  5  is  due  to  a  lean  ore  mixture  as  disclosed  by  the 
amount  of  stone  (1,003  lb.)  used  per  ton  of  iron,  necessitating  a  larger 
amount  of  carbon  burned  at  the  tuyeres  than  in  the  case  of  either  No.  18 
or  No.  24,  also  to  the  low  efficiency  of  reduction  (52.9  per  cent.)  in  the 
reducing  zone.  The  lower  coke  requirement  of  No.  18,  as  compared 
with  No.  5,  is  due  to  a  better  ore  mixture  and  higher  efficiency  of  reduc- 
tion, 67.4  per  cent.,  as  compared  with  52.9  per  cent.  The  still  lower  coke 
requirement  of  No.  24  is  due  to  a  still  better  ore  mixture  as  disclosed  by 
the  smaller  amount  of  stone  used,  permitting  a  decrease  in  carbon  re- 
quired at  the  tuyeres  to  only  1,090  lb.  as  compared  with  1,155  lb.  in  No. 
18;  and  this  decrease  is  sufficient  to  more  than  overbalance  the  increase 
of  carbon  due  to  lower  efficiency,  60.1  per  cent.,  as  compared  with  67.4 
per  cent.,  in  the  reducing  zone. 
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For  discussion  of  the  work  of  furnace  No.  19,  the  following  tabulation 
is  made: 

Exhibit  4 


Coke 

Fe 

Total 
Carbon 

Carbon  in 
Pig 

Carbon  Required 

At  Toydres 

Reducing  Zone 

19  A 
19  B 
20 

1,673 
1,673 
1,658 

2,031 
2,031 

•   •   •  • 

1,482 
1,482 
1,464 

98 

98 
98 

1,182 
1,182 
1,182 

202 
36 

184 

Whether  the  equation  is  correct  or  not  as  stated  in  Exhibit  5,  column 
A,  the  carbon  actually  used  for  reduction  and  the  resulting  gas  is  the 
same  as  shown  in  Column  B  and  this  latter  equation  is  simpler. 

Exhibit  5 


B 


Reduction  by  CO 
Reduction  by  C 


1 
2 


Fe2+Oi-|-6CO  =  2Fe+3CO-|-3CO, 
Fe,+0,+2C    =2Fe-h  C0+  CO, 


Fe,0,+3C0  =  2Fe+3COa 
Fe20,+3C    =2FeH-3C0 


The  equation  1  A  shows  6  CO  taken  for  reduction,  only  one-half  of 
which  was  actually  used.  This  unused  half,  like  the  bridesmaid  at  a 
wedding  ceremony,  may  have  performed  a  very  interesting  and  important 
part,  but,  itself,  forms  no  part  of  the  union.  This  SCO  remains  the  same 
after  the  reaction  as  before,  therefore  only  3C0  can  be  considered  as 
having  been  used,  the  equation  1  B  correctly  representing  the  actual 
ultimate  result. 

The  reduction  of  oxide  of  iron  in  the  blast  furnace  by  solid  carbon 
takes  place  at  a  point  where  the  temperature  is  sufficient  in  the  presence 
of  the  surplus  of  carbon  from  the  fuel  to  convert  any  C0»  which  may  have 
formed  to  CO.  The  ultimate  gas  from  the  reduction  by  solid  carbon  is 
CO  only  and  the  ultimate  reaction  is  represented  by  the  equation  2  B. 

Reconstructing  the  summary  for  ''assumption  A'*  which  is  to  illus- 
trate reduction  by  CO  and  referring  to  Exhibits  4  and  5,  we  have  according 
to  equation  1  B  the  results  shown  in  Exhibit  6. 

We  see  that  166  lb.  of  solid  carbon  reduced  517  lb.  of  Fe,  and  that 
487  lb.  of  carbon  from  the  total  of  1,182  lb.  burned  to  CO  at  the  tuyeres 

reduced  1,514  lb.  of  Fe.     The  total  CO  and  CO2  gases  are  the  same  as 

CO 

shown  in  the  original  ''assumption  A."     The  ratio  by  volume  of  -pTT  ^ 

0.646,  which  is  very  much  lower  than  the  ratio  ICO  to  ICO2  popularly 
though  mistakenly  supposed  to  be  the  point  of  saturation  by  COi  at 
which  reduction  by  CO  ceases. 
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Exhibit  6 


Pe. 
pounds 


poun(i« 


CO. 
poundi 


COf. 
pounds 


19  A 


In  pig 

I  Direct  reduction  of  metalloids 

'Direct  reduction  of  Fe 

I  Indirect  reduction  of  Fe 

lUnuaed 

Stone 


617 
1,514 


2,031 


98 

36 

166 

487 

695 


1,482 


80 
387 


1,622 


2,098 


1,786 
343 


2,129 


CO        2 129 

CO  "  2^8  ™  I'^l^  ^y  weight  or  0.646  by  volume. 

Below  is  "assumption  B"  reconstructed  according  to  equation  2  B. 

Exhibit  7 


Fe,  Pounds 


C,  Pounds 


CO,  Pounds 


COi,  Pounds 


19  B 


In  pig 

Direct  reduction  of  metalloids 

Direct  reduction  of  Fe 

Indirect  reduction  of  Fe 

Unused 

Stone 


Carbon  saved 


0 
2,031 


98 

36 

0 

653 

529 


89 
0 


1,234 


2,031 


1,316 
166 

1,482 


1,323 


2,394 
343 


2,737 


CO         2  7^7 

-QQ  =  i"323  **  2.069  by  weight  or  1.32  by  volume. 

The  original  "assumption  B"  is  supposed  to  show  the  result  when 
*'all  the  CO  made  at  tuyeres  reduces  ore  and  that  the  excess  carbon  is 
used  up  by  CO2/'  as  applied  to  the  same  data  as  "assumption  A." 
Assumption  B  is  not  tenable  because,  under  the  conditions,  we  must 
assume  the  same  amount  of  carbon  burned  at  the  tuyeres  as  in  assump- 
tion A.  Now,  to  reduce  the  Fe  wholly  by  carbon  from  CO  requires  only 
653  Ib.,^  leaving  the  balance  of  529  lb.  of  carbon  to  pass  ofF  as  CO,  and  as 
&U  of  the  Fe  has  been  reduced  there  is  an  excess  of  166  lb.  of  carbon  in 
the  reducing  zone  which  cannot  be  burned  to  either  CO  or  CO2  because 
there  is  no  oxygen  there  to  unite  with  it. 

The  correct  statement  of  the  case,  assuming  the  reduction  to  have  been 
effected  with  CO  only,  is  shown  in  Exhibit  7,  which  shows  a  saving  of 
166  lb.  of  carbon.     It  may  be  observed,  however,  that  this  saving  is 
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probably  impossible  because  of  the  dilution  of  the  gas  by  CO2  which,  as 

shown  in  the  Exhibit,  is  1.32.     Bell  practically  states  that  reduction 

•CO 

stops  when  the  proportions  are  j^  =  1.00. 

Assumption  G  is  not  well  taken  as  illustrating  Gruner's  ideal  because, 
in  addition  to  assuming  that  reduction  was  by  CO  only,  another  unneces- 
sary assumption  is  injected  into  the  consideration,  viz.,  that  166  lb.  more 
carbon  is  burned  at  the  tuyferes  than  actually  was  burned. 

Records  of  heat  equations  for  actual  practice  of  a  number  of  furnaces, 
collected  by  the  writer,  show  that  for  the  character  of  iron  given  for 
No.  19,  the  lowest  amount  of  carbon  that  can  be  expected  in  direct 
reduction  is  156  lb.     Assuming  this  amount  for  furnace  No.  19,  we  have: 


Exhibit  8 

Fe,  PoundB 

C,  Pounds 

CO,  Pounds 

COs,  Pounds 

19  C 

In  pill 

373 
1,658 

98 

361 

120 

533 

649 

89 
280 

1,514 

r   0 *...**.. 

Direct  in  metalloids 

Direct  in  Fe 

Indirect  in  Fe 

1,954 

Unused 

Stone 

343 

Saved 

2,031 

1,436 
46 

1,883 

2,297 

» 

1,482 

co« 

CO 


2^29J 
1,883 


C5  =  1.22  by  weight  or  0.777  by  volume. 


Equal  156  lb. 


CO 


2 


This  shows  a  ratio  ^^  of  0.777  by  volume,  and  is  probably  as  near 

to  Gruner's  ideal  as  could  be  obtained  in  actual  practice. 

The  statement  that  "all  the  furnaces  in  Table  1  are  doing  direct 
reducing"  is  correct,  while  the  statement  that  "all  those  that  are  burning 
less  than  1,350  lb.  of  carbon  at  the  tuySres  are  not  making  enough  CO  to 
reduce  all  the  Fe203"  is  incorrect.  It  is  also  incorrect  to  say  that  re- 
duction is  three  times  as  efficient  when  done  by  the  direct  method.  The 
oxygen  from  the  iron  requires  precisely  the  same  amount  of  carbon  for 
its  reduction  whether  taken  from  the  solid  carbon  of  the  fuel  or  from  the 
carbonic  oxide  of  the  gas.  When  the  carbon  can  be  taken  from  the  car- 
bonic oxide  produced  by  the  fuel  necessarily  burned  at  the  tuyeres,  it 
obviously  saves  an  equal  amount  of  carbon  from  the  fuel  that,  otherwise, 
would  be  needed  and,  therefore,  is  more  efficient  than  solid  carbon.    The 
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extent  to  which  this  can  be  done  is  the  measure  of  the  approach  to  the 
ideal. 

All  furnaces  do  not  reach  Gruner's  ideal.  In  fact,  it  is  very  doubtful 
if  any  do  or  can.  Some,  however,  come  nearer  to  it  than  others.  They 
may  show  very  low  coke  consumption  and  yet  be  far  from  reaching  the 
ideal.  The  reason  for  this  is  not  because  of  a  violation  of  or  considerable 
variation  from  Gruner's  ideal,  but  because  of  some  other  favorable  con- 
dition.   This  is  shown  in  Exhibit  9. 

Exhibit  9 


Average  of  first  10  furnaces 
Average  of  last  16  furnaces 


Difference. 


ToUl  Carbon 
Gasified,  Pounds 


1,800 
1,384 


Carbon  Gasified 
at  Tuydres,  Pounds 


1,522 
1,146 


Carbon  Gasified  in 

Reducing  Zone 

Pounds 


278 
238 


376 


40 


It  will  be  noted  that  the  last  16  furnaces  show  a  decrease  of  416  lb. 
of  carbon  required,  and  a  decrease  of  40  lb.  in  the  reducing  zone  due  to 
a  nearer  approach  to  Gruner's  ideal.  The  great  decrease  of  375  lb.  in 
in  carbon  burned  at  the  tuyeres  evidently  due  to  a  better  ore  mixture, 
requiring  less  flux,  as  shown  by  the  stone  used.  Less  slag  is  produced, 
therefore  less  carbon  is  required  to  be  burned  at  this  point. 

From  what  has  preceded,  it  will  be  evident  that  the  factors  governing 
coke  consumption  will  be  found  in  the  quantity  and  quality  of  the 
materials  entering  the  furnace,  coke,  ore,  limestone  and  blast;  also  in  the 
method  of  reduction — that  method  tending  to  the  highest  economy, 
which  approaches  nearest  to  Gruner's  ideal. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[SUBJECT  TO  BBVI8ION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  pr«f«rably  be  presented  in  penon  at  the 
Anion*  meetm(b  September,  1916,  when  an  abstraot  of  the  paper  will  be  read.  If  thie  le  impoosible. 
then  diseuBion  tn  wntins  may  be  eent  to  the  Editor,  Amerioan  Inetitute  of  Mining  Engineera,  29  Weet 
SQth  Street|  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  repreeentative  of  its  author. 
UnleM  speeial  arrangement  is  made,  the  discussion  of  this  paper  will  olose  Nov.  1, 1910.  Any  diseussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Motor  Truck  Operation  at  Mammoth  Collins  Mine»  Shultz,  Ariz. 

BT  WILBERT   G.    MCBRIDE,*  B.  8.,    LONG  BEACH,    CAI<. 
(Arisona  Meeting,  September,  1910) 

Two  Alco  33^-ton  motor  trucks  were  used  by  Young  Bros,  while 
operating  at  the  Mammoth  Collins  mine  at  Shultz,  Ariz.  One  was 
equipped  with  an  oil  tank  holding  1,075  gal.  and  was  used  for  the  trans- 
portation of  "tops."  The  other  was  fitted  with  a  stake  body  and  used 
to  cany  machinery,  wood,  rails,  pipe  and  all  classes  of  miscellaneous 
supplies.  The  bodies  were  made  of  oak  with  maple  flooring  and  were 
attached  to  the  frame  of  the  chassis  by  U-bolts,  to  avoid  drilling  the  main 
members  of  the  frame. 

Most  of  the  hauling  was  done  from  Tucson,  a  distance  of  473^  miles. 
During  the  first  3  months,  part  of  the  road  was  in  very  bad  condition  and 
the  tire  cost  was  excessive.  After  this  part  was  repaired  the  road  was 
in  fair  condition,  but  never  good.  There  were  no  excessive  grades  or  bad 
sand,  but  wagon  ruts,  too  narrow  for  the  truck  wheels  and  of  a  different 
gage,  caused  heavy  tire  loss;  while  chuck  holes,  sharp  curves  and  stones, 
both  imbedded  and  loose,  were  objectionable  features.  During  wet 
weather  the  trucks  could  not  get  sufficient  traction  to  climb  some  of  the 
hills  and  were  likely  to  stick  in  the  mud  in  certain  places,  so  that  no  at- 
tempt was  made  to  run  them  unless  they  were  on  the  road  when  the  rain 
started.  This  lost  time  amounted  to  about  5  per  cent,  of  the  total,  but, 
whenever  possible,  it  was  utilized  in  making  minor  repairs. 

The  price  of  gasoline  was  from  17  to  21  c.  per  gal.  Rubber  tires  were 
used  throughout.  Drivers  were  paid  $4.50  to  $5  per  shift,  and  a  return 
trip  to  Tucson  was  counted  as  two  shifts  even  when  made  in  one  d^y. 
Drivers  were  provided  with  a  room  in  Tucson  and  were  paid  for  all  time 
lost  due  to  causes  beyond  their  control.  Trucks  were  loaded  one  way 
only. 

Speedometers  were  placed  on  both  trucks  but  the  excessive  vibration 
soon  caused  them  to  fail.  For  this  reason,  and  because  no  account  was 
taken  of  the  distance  covered  in  picking  up  a  miscellaneous  load  or  in 
other  minor  ways,  the  mileage  given  is  under  the  actual  distance  traveled. 
Some  of  the  weights  had  to  be  estimated,  but  care  was  taken  to  have  the 
number  of  ton-miles  low  rather  than  high,  to  avoid  underestimating  the 
gosts.    The  cost  of  hauling  from  Tucson  to  the  mines  was  $12  per  ton 

*  Consulting  Engineer. 


1254 


MOTOR  TRUCK   OPERATION  AT  MAMMOTH   COLLINS  MINE 


with  the  trucks,  while  the  best  possible  team  price  was  $15.  Teams  made 
one  return  trip  a  week,  while  the  truck  regularly  made  one  in  two  days 
and  could  always,  and  many  times  did,  do  it  in  one  day.  The  loss  of 
time  due  to  wet  weather  would  be  about  half  as  much  with  teams  as  with 
trucks. 

The  table  of  detailed  costs  given  below  covered  the  period  from  Aug. 
21,  1913,  to  Aug.  15,  1914,  the  only  time  in  which  the  trucks  were  con- 
tinuously employed.  From  Aug.  15, 1914,  to  March  30,  1916,  the  trucks 
were  used  intermittently,  but  the  figures  for  this  period  have  been  ex- 
cluded as  not  being  representative.  If  included,  they  would  somewhat 
lower  the  cost  per  ton-mile.  Just  prior  to  the  close  of  the  period  covered 
by  the  cost  figures,  the  trucks  were  overhauled  and  put  in  good  condition; 
new  rear  wheels  were  put  on  and  new  tires  secured.  The  cost  of  all  this 
was  charged  to  operation.  Allowance  for  extra  tires  on  hand  would  re- 
duce the  cost  per  ton-mile  approximately  %  c,  leaving  a  net  cost  of  about 
25c.  With  loads  on  the  return  trip  this  cost  per  ton-mile  would  be 
lowered  at  least  40  per  cent. 

Motor  Truck  Operating  Data 

Total  distance  traveled  by  trucks 23,000  miles 

Total  work  done  by  trucks 42,700  ton-miles 

Average  distance  covered  per  gallon  of  gasoline 4.5  miles 

Average  distance  covered  per  gallon  of  lubricating  oil 128  miles 

Average  speed,  loaded 7  miles  per  hour 

Average  speed,  light 7.8  miles  per  hour 

Details  of  Costs 


Total  Cost 


Per  Cent, 
of  Total 


Per  Truck- 
mile 


Per  Ton- 
mile 


Wages  of  drivers 

Wages  of  helpers 

Repairs,  labor 

Repairs,  lost  time 

Oils,  grease  and  waste . 

Gasoline 

Tires 

New  parts 

Miscellaneous  supplies 

Incidental  expense 

Depreciation 

Total 


$2,623.32 

23.91 

286.50 

2.62 

681.74 

5.30 

156.15 

1.42 

379.17 

3.46 

1,610.49 

14.68 

2,445.75 

22.30 

515.08 

4.69 

348.82 

3.18 

226 . 21 

2.06 

1,796.80 

16.38 

10,970.03 

100.00 

$0.1141 
0.0125 
0.0253 
0.0068 
0.0165 
0.0700 
0.1063 
0.0224 
0.0152 
0.0098 
0.0781 


0.4770 


$0.0614 
0.0067 
0.0136 
0.0037 
0.0089 
0.0377 
0.0673 
0.0121 
0.0082 
0.0053 
0.0421 

0.2570 


The  advantages  of  the  motor  truck  over  the  team  and  wagon  are 
many — ^increased  speed,  ability  to  work  24  hr.  per  day  when  necessary, 
and  lower  cost  on  long  hauls — but  its  adoption  by  the  mining  industry 
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bas  been  slow.  Where  trucks  are  used  around  mines  they  are  usually 
driven  by  cheap,  inexperienced  men,  the  upkeep  and  repairs  being 
turned  over  to  the  regular  mine  mechanics.  It  would  be  equally  good 
practice  to  employ  a  timber  framer  to  make  a  dining-room  table.  Just 
as  the  niceties  of  cabinet  making  are  unknown  to  the  timber  framer, 
the  exact  adjustments  and  fine  workmanship  of  the  highnspeed  engine  and 
transmission  gears  of  a  motor  truck  are  beyond  the  ken  of  the  mine  me- 
chanicy  one  of  the  least  skilled  of  his  class.  If  there  are  enough  motor 
vehicles  at  the  mine,  the  master  mechanic  probably  turns  the  work  over 
to  one  or  two  men  who,  in  time,  become  indifferent  auto-mechanics,  but 
in  the  meantime  the  cost  of  maintenance  soars  and  often  the  trucks  are 
eondemned.  The  aim  of  the  makers  of  all  motor  vehicles  is  to  secure 
the  maximum  of  strength  and  power  with  a  minimum  of  weight  and 
size.  To  do  this,  highH9[)eed  engines,  the  best  of  materials  and  the  finest 
of  workmanship  are  employed  and  parts  are  reduced  to  the  least  possible 
weight  consistent  with  strength  and  durability.  This  is  just  the  reverse 
of  the  ordinary  American  mechanical  practice  in  which  reUability  is 
secured  by  slow  speed  and  large  size,  the  amount  of  material  used  and  the 
space  occupied  being  minor  considerations.  It  is,  therefore,  unreason-' 
able  to  expect  the  mechanic  trained  in  one  school  to  understand  immedi- 
ately and  adapt  himself  to  the  ways  of  the  other.  It  must  also  be 
remembered  that  no  other  machine  is  given  the  hard  use  and  necessary 
abuse  that  a  motor  truck  receives.  The  road  vibration,  alone,  will  loosen 
nuts  and  rivets  which,  if  not  attended  to  in  time,  will  cause  serious  trouble. 
Where  only  one  or  two  trucks  are  used,  the  drivers  should  be  competent 
mechanics  and  should  be  held  responsible  for  the  maintenance  of  their 
machines.  Where  several  are  used,  they  should  be  under  the  direct 
supervision  of  a  thorough  truck  mechanic  who  is  held  responsible  for 
operation  and  given  entire  control  of  the  drivers  and  repair  work.  His 
constant  care  will  detect  and  remedy  many  incipient  defects  and  prevent 
expensive  and  annoying  breakdowns.  With  the  exception  of  the  time 
required  for  periodic  overhauling,  he  should  be  able  to  keep  the  trucks 
in  ahnost  continuous  service.  This  will  make  possible  the  employment 
of  cheaper  drivers  without  undue  damage  being  done  to  the  machines. 

Motor  trucks  should  not  be  installed  without  careful  consideration 
of  the  roads  to  be  traveled.  The  difference  between  the  cost  of  motor 
truck  and  team  hauling  is  largely  controlled  by  the  quality  of  the  road, 
and  on  really  bad  roads  the  motor  truck  is  decidedly  the  more  expensive. 
Many  roads  are  fatal  to  truck  haulage,  and  considerable  experience  is 
required  to  decide  this  question  without  an  actual  test  of  some  duration. 
Excessive  grades  are  to  be  avoided,  especially  long  ones.  The  ordinary 
truck  will  pull  over  a  short  20  per  cent,  grade  with  ease,  but  will  give 
Sreat  trouble  on  a  long  one  of  half  that  rise  unless  special  cooling  arrange- 
ments are  made.     Grades  greatly  increase  the  tire  and  gasoline  consump- 
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tion  and  decrease  the  life  of  the  machine.  Rocky  roads,  particularly 
when  the  rocks  are  sharp  or  loose,  are  very  hard  on  tires.  Deep  sand  is 
difficult  to  cross,  and  for  this  class  of  road  the  caterpillar  tractor  and  the 
four-wheel-drive  truck  have  distinct  advantages.  Trucks  which  drive 
on  the  rear  wheels  only  cannot  operate  in  heavy  sand.  Narrow  or  rutted 
roads  are  objectionable  for  the  larger-sized  trucks  because  they  throw  all 
the  weight  on  one  of  the  rear  dual  tires  from  time  to  time,  and  this  over- 
loading is  injurious  to  the  rubber.  Fairly  deep  streams  can  be  crossed, 
but  mud  is  an  absolute  barrier  except  to  the  caterpillar  type  of  tractor. 
Few  dirt  roads  will  stand  up  under  a  7-ton  truck,  but  those  of  4  tons,  or 
under,  do  less  damage  than  the  ordinary  freight  wagon. 

Unfortunately,  trucks  are  not  designed  to  suit  mining  conditions.  At 
Shultz  we  found  it  necessary  to  cut  down  the  gear  ratio,  increase  the  size 
of  the  wheels  and  tires  and  add  bumper  or  auxiliary  springs.  Had  the 
grades  been  steeper  it  would  have  been  necessary  to  increase  the  cooling 
capacity. 

For  long  hauls  the  motor  tractor  will  probably  replace  the  motor  truck. 
It  will  operate  at  a  lower  cost  because  the  load  will  be  carried  on  iron  tires, 
and,  as  the  table  of  detailed  costs  shows,  the  rubber  tires  account  for 
22.3  per  cent,  of  the  total.  Tractors  travel  more  slowly  than  motor 
trucks,  but  the  tonnage  hauled  in  a  trip  is  much  greater.  They  are  also 
easier  on  roads,  as  the  load  is  distributed  over  several  trailers.  By  using 
extra  trailers,  loading  and  unloading  can  be  done  while  the  tractor  is  on 
the  road. 

The  make  of  a  truck  is  not  as  important  as  the  care  it  receives.  Al- 
most any  standard  make  will  do  good  work  if  given  careful  attention, 
but  none  will  be  satisfactory  if  not  well  cared  for.  Economy  should  not 
be  sought  in  the  lubricants  used;  the  best  oil  is  none  too  good  for  a  motor 
truck.  Overloading  should  be  scrupulously  avoided.  A  truck  may  be 
made  to  carry  many  times  its  rated  load  without  breaking  down  but  the 
damage  is  none  the  less  real  because  not  immediately  apparent.  High 
speed,  particularly  if  the  road  is  rough,  should  be  avoided,  since  it  sub- 
jects the  machine  to  excessive  strains  and  vibration.  Most  trucks  are 
now  equipped  with  speed  governors,  but  these  are  easily  tampered  with 
and  must  be  carefully  watched.  When  they  are  not  used,  the  drivers 
should  be  carefully  instructed  as  to  the  speed  limits  and  compelled  to 
respect  them. 

Distillate  and  "tops''  are  now  successfully  used  on  trucks,  by  the 
application  of  a  special  carburetor.  Their  use  should  efifect  a  material 
saving  in  the  gasoline  cost  which  now  amounts  to  almost  15  per  cent, 
of  the  total.  '^Tops"  usually  sell  for  30  to  35  per  cent,  and  distillate  for 
50  to  60  per  cent,  of  the  price  of  gasoline.  With  a  properly  designed 
carburetor,  the  available  power  in  the  lower-grade  fuel  will  be  about  the 
same  as  in  the  gasoline,  but  the  carbon  deposition  will  probably  be  some- 
what greater. 
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"Ingeraoll-Rogler"  Class  PRE— Direct  Con- 
nected Dectrically  Driven  Compressors 

Bulletin  3026 

"Inseraoll-Rofller"     Class      ORC— Corliss 

Steam  Einsine  Driven  Compressors  Bulletin  3029 

"Imperial"  Type  XB — Power  Driven  Com- 
pressors  Bulletin  3312 

"Imperial"  Type  XPV— Piston  Valve  Steam 

Engine  Driven  Compressors  Bulletin  3033 


Every  Mimng  Man 
Shoaid  Have  Th* 
Bulltiiaa  Lialed. 


"Leyner-Insersoll"  Water  Drills  Bulletin  4120 

"jBckhamers" — including  mounted  type 

Bulletin  4221 
"Stopebamera"  Bulletin  4036 

Leyner  Drill  Sharpeners  Bulletin  4122 

Leyner  Oil  Fumecea  Bulletin  9020 

"Little  Tugger"  Mine  Hoists  Bulletin  4133 
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The  JefErey  Company  Opens  Branch  in  Seattle 

The  Jeffrey  Manufacturing  Co.  of  Columbus,  Ohio,  announces  the 
re-opening  of  its  Northwestern  Branch  Office  at  Seattle,  Wash.,  and  the 
appointment  of  Mr.  Percy  E.  Wright,  Consulting  Mechanical  Engineer, 
as  District  Manager  for  Oregon,  Washington,  Alaska,  British  Columbia 
and  Alberta.  Mr.  Wright,  who  has  been  in  the  Northwest  since  1910, 
and  whose  connection  with  the  Jeffrey  company  dates  back  to  1902,  has 
had  a  wide  and  varied  experience  and  training  in  the  handUng  of  the 
Jeffrey  line  which  will  enable  him  to  be  of  great  assistance  to  customers 
in  solving  their  elevating,  conveying  and  transmission  problems. 


Trade  Catalogs 

To  a  majority  of  the  pubUc,  the  name  DuPont  suggests  military  pow- 
der— munitions  of  war.  The  DvPont  Products  Book  A-430  (April,  1916) 
lists  251  distinct  commodities  made  and  sold  by  this  company,  many  of 
which  are  far  removed  from  destructive  work. 

Mining  men  are  fully  cognizant  of  the  need  for  explosives  in  construc- 
tive work,  but  they  may  be  surprised  to  know  that  side  by  side  with  the 
powder  and  dynamite  this  company  manufactures  such  peaceful  articles 
as  substitute  leather,  combs  and  collar  buttons. 

The  substitute  for  leather  is  Fabrikoid,  varjring  in  weight  from  a  qual- 
ity Ught  enough  for  bookbinding  to  one  heavy  enough  for  trimks  and 
automobiles,  and  the  combs  and  collar  buttons  (with  scores  of  other 
articles)  are  made  from  Pyralin. 

The  book  also  contains  a  long  list  of  chemicals,  and  a  shorter  list  of 
special  products  and  miscellaneous  materials  such  as  charcoal,  wood  flour 
and  saltpeter. 

The  Jeffrey  Manufacturing  Co.  of  Columbus,  Ohio,  making  elevat- 
ing, conve3ring,  crushing,  screening  and  power  transmission  machinery, 
has  just  issued  its  latest  Bulletin,  No.  177,  featuring  self-propelling 
wagon  and  truck  loaders  for  handling  crushed  stone,  sand,  gravel,  clinker, 
coke,  etc. 

These  machines  are  described  as  having  a  capacity  of  1  to  1}4  cu. 
yd.  of  material  per  minute,  with  power  to  load  crushed  stone  maximum 
size  pieces  through  33^-in.  ring  and  to  load  trucks  or  wagons  in  3  or  4  min. 

The  self-propelling  device  is  designed  to  enable  one  man  to  operate 
the  loader  as  it  is  fed  into  the  pile,  and  to  move  the  machine  about 
under  its  own  power. 

(  2  )  {Mention  this  Bvllbrh  when  writing  ftdrertiMn.] 
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ALBANY 

Albany  Grease  devel- 
oped a  saving  of  Si%  I 
in  lubricants  for  a  large  ' 
mine.     Why  not  con- 
duct  a   test   on   your 
equipment. 


GREASE 

We'll  furnish  a  liberal 
quantity  of  Albany 
Grease  and  an  Albany 
Cup  will  be  sent  upon 
request  without  charge 
WUTE  now 

tibany  lubricating  Co. 


ing  itKU  evident. 

ThBn  So-e»lled 
Chup  belt*— 
■11  tblns*  con- 


BEER,  SONDHEIMER  CBt.  CO. 


NEW    TORX 


6i    BROADWAY 


Sue  Ores,  Carbonmtei,  Sulphides  uid  Mlfed  Ora,  Copper  Om, 
Copper  Matte,  Copper  Bnllion,  Lead  BulUon,  Lead  Ores,  Antl- 
Riony  Ore*,  Iron  and  MaoganeM  Ora,  Copper,  Spdter,  Antlnoay, 
Antimonlal  Lead,  Sulphate  of  Copper,  Amnic,  Zinc  I>ait. 

Own  Smelting  and  Refining  WoAm 


DORR 


CLASSIFIERS 
THICKENERS 
AGITATORS 


Wriltjor  Catalogs  5  and  7 

THE    DORR    COMPANY 

ENGINEERS 


(MlDtloD  Ihl>  BCLU 
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These  loaders  are  driven  by  5  hp.  induction  motor  or  6  hp.  gasoline 
engine.  The  type  "A-15"  loader  is  built  with  a  collapsible  elevator, 
intended  to  make  it  available  about  all  parts  of  the  yard  and  easier  to 
operate  over  rough  ground,  and  also  to  permit  it  to  be  used  where  low 
sheds,  trestles  and  other  overhead  obstructions  are  encountered. 

The  bulletin  contains  illustrations  of  many  interesting  installations, 
specifications,  prices  and  complete  details  of  their  different  types  of 
loaders. 

The  IngersoU-Rand  Co.  has  recently  issued  three  new  bulletins: 

Form  9023,  24  page,  6  X  9,  on  "Imperial"  Tie  Tamping  Outfits. 
This  apparatus  is  said  to  have  had  a  gradual  development  under  actual 
working  conditions  on  some  of  the  largest  railroad  systems  in  the  country, 
extending  over  a  period  exceeding  two  years;  it  is  comparatively  new  to 
the  trade,  but  the  manufacturers  feel  that  the  railroads  have  been  quick 
to  appreciate  the  economy  attendant  upon  the  use  of  one  or  more  of 
these  outfits.  The  Tamper  is  designed  principally  for  use  in  the  op- 
erations of  laying  new  track,  replacing  old  track  and  surfacing  existing 
track,  but  may  be  employed  for  other  purposes.  It  is  said  to  produce 
equally  eflFective  results  in  any  kind  of  ballast — stone,  gravel,  earth, 
cinders,  chat,  slag,  etc. 

Form  3026,  40  page,  6  X  9  catalog  on  IngersoU-Rogler  Class  "PRE*' 
Duplex  Direct-Connected  Electrically  Driven  Air  Compressors.  Among 
the  principal  features  of  design  may  be  mentioned  the  **Ingersoll-Rogler" 
Valve,  the  "Clearance  Controller,"  Direct-Connected  Drive,  Improved 
Intercooler  and  Auxiliary  Water  Separator.  Catalog  is  printed  in  two 
colors  and  profusely  illustrated  to  show  construction  details.  Four  pages 
are  devoted  to  pressure  charts  and  tables  showing  sizes  and  capacities. 

Form  3312,  20  page,  6X9  catalog  on  Imperial  "XB"  Duplex  Power- 
Driven  Air  Compressors.     Illustrated. 

Electric  "Industrial  Klaxons,"  made  by  the  Lovell-McConnell  Mfg. 
Co.  and  distributed  by  the  Western  Electric  Co.,  are  pictured  and  de- 
scribed in  a  pamphlet  advocating  their  use  as  fire  alarms  and  call  signals. 
They  are  now  being  used  on  moving  cranes  to  warn  the  workmen  to 
stand  from  under,  and  are  suggested  for  use  in  mines  and  quarries  as  time, 
blast,  and  elevator  signals;  for  use  on  electric  locomotives,  underground 
telephones,  etc. 

From  the  Western  Electric  Co.,  also,  come  three  bulletins  telling  of 
"Square  D"  switches  and  motor  starters  made  by  the  Detroit  Fuse  and 
Mfg.  Co.  These  articles  bear  the  Fire  and  Accident  Label  of  the  Under- 
writers' Laboratories,  Inc. 

Bulletin  No.  37  deals  with  Steel  Enclosed  Switches;  Bulletin  No.  40 
with  Ironclad  Fused  Switches,  Plunger  Type;  and  Bulletin  No.  41  with 
Induction  Motor  Starters.  Specifications,  list  prices  and  dimensions  are 
given. 

(  4  )  [Mention  thb  BuLunor  wh«n  writing  advertiien.) 
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Portable    Electrodynamometer    Instruments    of    Precision 

HoM  310  Slnalt-PhMC4iMiDirccl  Current  WittnMltr 

Model  329  Polyphuc  WattmcUr 

M«lcl  Ml  A.  C.  UKl  D.  C.  Voltmeter 

Mixlel  370  A.  C.  and  D.  C  Ammeter 

Uodtll3">'"t  3>«  ar'  dniribrd  I'a  BtiUiliu  No.  lOni,  Moiltl  341  •>< 

BmIUUh  No.  2004,  and  Modtl  J70  in  BuUaiu  No.  loai.    WrlU/er  Iktm. 

Weston  Electrical  Instrument  Co.,  37  Weston  Ave.,  Newark.  N.  J. 

Branck  Ofiai  U  Ik.  Latin  CUUt  


iumtij 


lAPtS 


i<  e>U  Id  ipiu 
ipatition  fori  quu-ter  o(  ■  CADIury  wi 
MBUiaf  Mcrlinf  quality.  Tlwy  oa 
d  ibe  field  to-day  if  Uwy  ware  not  nc 
w  THE  BEST-rABSOLUTELY 
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TRAYLOR  SMELTING  FURNACES 

BUILT  DURING  THE  PAST  FEW  MONTHS 
AND  STILL  THEY  COME 

HORTHPORT  S.  &  R.  CO.  S — ta'zigS'  Silver<lsad  Pdrhacxs 

RIVBR  S.  &  R.  CO.  1— 43'zlB4'  ZiHC  Ozmizmo  Pukracs 

TBnn.  COPPER  CO.'  1— eCxaTO'  Coppbk  PmufACB 

umOH  HUflBRB  duH.  K.  i—Wxiti'  Coppbk  Fusitacbs 

WHITE  inVESTIHG  CO.  1— 43'xl20'  SPBCUL  SULTIIIO  FOKMACB 

BUNKER  HILL  ft  SULLIVAN  3~48'xl80'  aLVBK-LBAO  FOKHACBS 

GENERAL  CHEMICAL  CO.  2— M'l  118'  SPECIAL  SmLHif o  FdrRACSS 

RARITAN  COPPER  CO.  l--43'iia0''  Coppbr  FoaHACE 

JIStR  mK^RS  ^    "^*L  SCORE   NQW      , 


TRAYLOR  WATER  JACKETS  ARE  WORLD  STANDARD 
TRAYLOR  ENGINEERING  &  MFG.  CO. 


la  BOLLBTur  whiD  writin 
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The  Slogan  of  Uu  Cameron— "Ckaracttr:    The  Grandest  Thing" 

"20%  More  Capacity  Delivered  by 
CAMERON  CENTRIFUGAL" 

"It  may  please  you  to  learn 
that  the  CAMERON  CENTRI- 
FUGAL  recently  installed  in  our 
Lee  shaft  to  talce  the  place  of 
another  leading  make,  which  was 
worn  out  in  three  months  (run- 
ning under  the  same  conditions 
and  driven  by  the  same  motor) 
deliTerB  10%  more  water  than 
the  other  pump  did  when  new. 
This  other  pump  is  now  in  the 
scrap  bin,"  writes  the  SupC,  of  a 
large  Coal  Co.  in  Penna. 

Actual  tests  have  proved  that 
the  sure  way  to  secure  the  highest 
pump  efficiency  and  economy  is  to  install  the  CAMERON  CENTRIFUGAL. 

WfUt  new  for  Bulletin  No.  150. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

1 1  BROADWAY,  NEW  VORK  Office*  the  Worid  Over 
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IMutlon  thii  BmxBiiH  whwi  writini  HlT«nyen.l 
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ALBANY 
GREASE 


ALBANY  LUBRICATING  CO. 

Adam  Cook'i  Sons*  Proprietors 

708-xo  WasUiifloii  Strett  Now  Jmk  CHf 

Iftanufactttrers  of  Albany  Grease,  Cook's  Lubricant  and 
Albanj  Automobile  and  Machinery  Oils.  Manufacturers 
and  refiners  of  lubricants  for  OTcry  condition  and  serr- 
ice.    Write  for  descriptiTe  matter. 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  CO. 

Milwaukee,  Wisconsin. 

MINING  MACHINERY  of  Every  Type.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  AHis-Chalmers,  Limited, 
Toronto,  Ont 


PUMPS 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON     VERTICAL     PLUNGER     SINKING 
PUMPS,  for  shaft  sinking.    CAMERON  HORIZON- 
TAL  PLUNGER   STATION  PUMPS,  for  handlina 

gritty  water/ 

SMELTING 

COLORADO  IRON  WORKS  CO. 

Main  Offlct  and  Works,      SSrd  and  Wynkoop  Sts. 

AND 

Downtown  Office,                            806  Ideal  Building 

MILLING 

Denver,  Colo. 

EQUIPMENT 

Manufacturers  of  complete  equipment  for  cyanide  and 

concentrating  mills  and  smelting  plants. 

\ 

MOTORS 

CROCKER-WHEELER  CO. 

FOR 

• 

Ampere,  N.  J. 

EVERY 

Mantifacturers   of   Electric    Motors,   Generators    and 

PURPOSE 

Transformers.    Alternating  and  Direct  Current 

AS8AYER8 

AND 

CHEMISTS 

SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Donvor,  Colo.  Salt  Lako  CItyt  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  Muffles,  Fire  Brick,  Saentific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cau- 
logue. 
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i 


METALLURGICAL  EQUIPMENT 


DENVER  ROCK  DRILL  MANUFACTURIN6  CO. 

DenTefy  CMo.  Bl  Paso,  Tex.         New  York  City. 

Salt  Lake  City,  Utah.  San  Frandacoi  CaL 

Seatde,  Wash.  Houghton,  Midi. 

MAVUFAOTUBSBS  OV  "WAVOH*'  AHD  '•DBITVBR'*  DBIUJI. 


AIR  AND 

ELECTRIC 

ROCK  DRILLS 

AIR  METERS 


THE  DORR  COMPANY 

DSNVXR,  COLO.  London 

Machfaiarj  in  naa  for  Cyaniding.  Wat  graTity  Conaan- 
tialiMi,  Vlotation.  Tioaching  Copper  orea  and  many 
aan  matallurglfal  indnstrial  procaaaea. 


CLASSiriERS 
THICKENERS 


AGITATORS 


THE  ENSION  BICKFORD  CO. 

Slmabury,  Cann. 
ICanofactarara  of 

• 

CORDEAU- 
BICKFORD 

SAFETY  PUSC 

SAIBTT  PUSH                          COSDSAU-BICKFOSD 

For  all  »•■•<«£  Oparationa 

POR 
ALL  BLASTINQ 

■LASTING 

SUPPUES 

Fnaa  for  apaalal  raqniramanta 

GENERAL  ELECTRIC  CO. 

Sohanaotady,  N.  Y. 

BLBCTRIC  MINB  LOCOMOTIVB8.    BLB^TRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 
MINE 


LOCOMOTIVKS 


GOODMAN  MANUFACTURING  CO. 

Chioaga,  lllinaia. 

BLBCTRIC  AND  AIR  POWBR  COAL  CUTTBR8. 

BLBCTRIC  MINB  LOCOMOTIVB8. 

POWBR  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


HARMSON-WALKER  REFRACTORIES  Ca 

Pittsbnrs^  Penna. 

Befractoriaa  of  higjiast  grade  for  Blast  Fnmace  and  the 
Open  HeardL.  Electrical  Fomaces,  Copper  Smelting 
plantSv  Lead  Reflnarias.  Nickel  Smelters,  SflTor  Slimes 
•ad  Dross  Foroaces,  Alloy  Fnmaces,  as  well  as  all 
odier  ^es  in  use  intitoTanous  metallurgical  processes. 


BRICK 

nRE  CLAY 
SIUCA 
MAGNESIA 
CHROME 


fMantton  thk  Bvujmm  when  writinc  •dTeitiMrt.] 
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INSTRUMENTS 

POR 

MINING 

ENGINEERS 


HELLER  &  BRIGHTLY 

PhilftdalphiA,  P«. 

raSTRUlftBNT  MAKBRS 

MafheoiAtiGalv  Optical^  Biicinaeciiigy  Surrtyinc 
Astraaomical  Iii«tnim«iit8. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

Peru,  III. 

ManQfacturera  of   SPBLTBR«    SHEET   ZINC 
SULPHURIC  ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RANO  CO. 

11  Broadway,  flaw  York. 

^Ratiini- Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoista, 
^Blactric-Air"  Drills,  Coal  Punchers,  Pneumatic  Toola, 
««Cal3rs"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
iBf  Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

AND 

METAL 

MINING 

MACHINERY 

THE  JEFFREY  MFa  CO. 

902  North  Fourth  Street,  COLUMBUS,  OHIO 

Electric  Coal  Cutters  and  Drills;  Electric  and  Storage 
Battery  LocomotiTes;  Coal  Tipple  Machinery  induding 
Elevators,    CouTeyers,    Picking   Tablet    and    Loading 
Booms,  Car  Hauls,  Car  Dumps,  Screoos,  Crushers,  Pul- 
verizers, Fans,  H<^8ts,  etc. 

LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Wakofleld,  Maaa. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  &  SONS  ROPE  COMPANY 

St  Louis,  U.  8.  A. 

Ntw  Tork        CUcaco        Salt  Ltke        Dtarwr        San  Praadsce 

Manuladurers  of  hlg^  grade  Wire  Rope  for  all  por- 
posea,  inrJtiding  the  celebrated  HERCULES  Rod  Stnad 
Wire  Rope,  and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Lodced  CM  constructiona.  Aerial  Wire  Rope  Tram- 
ways  for  economical  transportation  of  matariaL 
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METALLURGICAL  EQUIPMENT 


THE  LUFKIN  RULE  CO. 

SigfntWy  MldL 

MEASURING 

Tapes  te  abtohito  iccBne7  in  mMiiirMiiMtt*    Send 

TAPES 

for  desGriptlTd  catalc^cno. 

ROBINS  CONVEYING  BELT  COMPANY 


H«v  York 


xs-ax  Park  Row 

OM  Colony  B1d*g. 

MatHifacfarfg  of 
Bdt  Conreyora— Bodnt  SloTilor»— Oro  Bedding  Syt- 
temi    Unloeding,  Stocking  and  Bedaiming  Towers  and 
Bridgea— Con?  eyor  AnxOimea. 

Write  for  Bolletina 


ROBINS 
CONVEYING 
MACHINERY 


JOHN  A.  ROEBUNG'S  SONS  CO. 

Trenton,  N.J, 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

sgencies  and  branches  throughout  the  country. 

• 

WIRE 
ROPE 

p.  H.  &  F.  M.  ROOTS  CO. 

Cenneravllle,  Ind. 

Manu&ctnrers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
for  Catalogue. 


POSITIVK 
PRKSSURK 
■  LOWERS 

VACUUM  AND 
ROTARY  PUM 

QAS 
CXHAUSTKRS 


CHARLES  A.  SCHIEREN  COMPANY 

■ 

89  Ferry  Btreett  New  York 

Manqfactnrers  ol  SCHIBRBN'S  DUZBAK  WATER- 
PROOF  LEATHER  BELTING.  The  belting  is  water- 
proof and  chemical  proof,  perfect  in  material  and 
workmanship. 


WATERPROOF 
LEATHER 
BELTING 


SULLIVAN  MACHINERY  CO. 

ROCK  DRILLS 

122  South  Michigan  Ave.,  Chicago,  HL 

AIR 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 

COMPRESSORS 

Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 

HOISTS 

Cutter,  Bar  Machines,  Fans. 

PUMPS 

fMention  this  Bullotin  when  writing  ftdyvrtisen.l 
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MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  EN6INEERIN6  I  MANUFACTURINC  CO. 

Mala  OfllM  and  Workt-AUcntowB,  Fa. 

ir«w  York  OflM,  WMlwa  OflM, 

•0  Ohorah  ttratt  lalt  Laka  01^ 

Mumfaetaron  of  MIinNGt  lilLLUrG,  SMELTING 
and  CRUSHING  ICachlncry.  TRATLOR  Rrodncti  poo- 
MMQiuditj.    OvrSipertBiifiiieeraaroAtyoiirstnriM. 


PERRICK 
EXCAVATORS 


UNION  IRON  WORKS 

Newark  Street^  Hoboken,  N.  J. 

Derrick  attachment  for  ezcaTatinf.  Doea  aame  work  aa 
ateam  ahoTel  or  dipper  dredge  at  fraotioii  of  the  ooat 
▲ak  oa  abont  it 


ORES 

L  VOGELSTEIN  ft  CO. 

42  Broadway                               New  York 

AND 

METALS 

Bi^era,  ameltera  and  reflnera  of  orea  and  metala  of  aU 

claaaea* 

III  WIBIfllll 
WMBBiaWBr 
(•AL«tlSIIIII  PUHn 


MSIM  Mi  MNIM  M- 
CHRBf 

SUM  iMNfmis 

VBmUTMfMS 


VULCAN  IRON  WORKS 

Wllkea-Barre,  Pa. 

Vulcan  Electric  Mine  Hoiata,  Steam  Hoiata,  Hottt- 
inf  and  Haulage  Bnginea,  Mining  Machinery,  etc 
Nicholaon  Device  for  Prevention  of  Overwinding. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTINGHOUSE  ELECTRIC  &  MFa  CO. 

Bast  PitUburgh,  Pa. 

THB  BALDWm-WBSTINGHOnSE  BLBCTRIC  MINB 
LOCOMOTIVES.  For  foH  Information  write  either  to 
aboTO  addreas  or  THB  BALDWIN  LOCOMOTIVE 
WORKS,  PfaOadelphia*  Pa. 


AMMETERS 

AND 

VOLTMETERS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waveriy  Park,  Newark,  N.J. 

Weaton  Eclipae  AMMETERS,  MILLIAMMBTERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  CircuiU 
of  email  mine  plants. 
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METALLURGICAL  EQUIPMENT 


ADVANTAGES  TO  MEMBERS  OF  OUR  AOVERTISINO  SECTION 


aad  mMallugloal  aatftm  U  Uw  kmrt  prioH.     No  flrmi  a  tapahm  s<  dnt  .  __    

w*  aJrmkiil  la  tha  BuMim.  U  nwmlHn.  in  bnjinc  uf  matariaf,  will  nim  to  (h«  •dTtrtlw- 
MHBt  flf  tbM  BMMtri  In  Um  BaOttdt,  «  U  tkar  do  Dot  Bud  K  »dTwH»»d  In  Uw  BmlltHn.  will, 
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L.  VCXIELSTEIN  CSt.  CO. 

4J  BnMdTCj  HXT  TORK 

BUTBRS,  SUBLTEKS 
An)    SJEVUIJIRS    OF 

Ores  and  Metals  of  All  Classes 

SELLERS     OF     COPPER,     TIN,     SPELTER, 
ANTIMONY,     LEAD,     ETC. 


TER'S 
VTULA 

JtW  OV  WATBS 


V.  ROB 

dantWc  Bchaol 

frWa  dihgrun  tikd  A 
complete  lolutioD  of 
Ih  for  Any  riven  con- 
abtidned  m  30  kc- 
iht  tedlom  nlcula- 

b'y  1 3  inche*. 


:«  or  Bell 


u  recdpt  of  price,  by 
[utltatoof 

i**^  H*w  York,  N.  T. 


Bcgup!)  e 
LASTING  MACHINEU 

FIRING  loaded  bore  holes  with 
electrical  cunents  decreases  the 
liability  of  iccidents,  increases  the 
efficiency  of  explosives  and  leducei 
the  cost  of  blasting  operations. 
Simplicity  of  design,  compactness 
and  dependability  in  operation  nuke 
Du  Pont  Blasting  MachiiieB  practical 
and  popular  with  blasting  crews. 


for  detonation  of  ezplouves. 
A«K  FOB  vtMOWamra  tolobb 
L  I.  DU  PONT  DE  NEMOURS  S  CO. 

Powder  Makers  Since  1802 
WILMitNGTON,  DEL. 
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PROFESSIONAL  CARDS 

ALDMDQEi  WALTER  H. 

M«lsniirflcia  BngiaMff 
14  WaU  Btr—t                  WLW  TOBX 

HAMMOND,  JOHN  HAYS, 

Consuitlag  EnilnMr, 
71  Broadway,              NEW  YORK. 
Code:  Btdfar^McN^iiL 

BEATTY.  A.  CHESTER 

OtMulting  Mining  Enginttr, 
71  BioKlwaj. 

• 

NEW  YORK,  N.  Y. 

CJJtAiUM: 

Granttlc. 

HANKS,  ABBOT  A. 

CbMiItt  and  AsMytr 

EctabUalwd  s866 

Control  and  Umpire  Atsayty  Suptrrl- 
•ion  of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores«   Minenils«   Mincial 
Waters,  etc. 

OO  Bunaeito  St    San  Franclaot,  Cai. 

BURCH,  H.  KENYON 

Mcdmlcal  ni  Metalliriical  Eifiim 

Can  lospintioii  Couolldfttad  Copper  COb 

MIAMI,  6IU  COUfOY,  AUZOfU 
Designer  and  Builder  of 

Crushbig  and  MllUnf  nanti. 

Qpeolaltiea  Conoentration  of  Orea. 

Eoonomae  Handling  of  Materiala. 

LEDOUX  &  COMPANY 

Assay^rs  and  Samplara 
99  John  StiMt              NEW  YORK 

Independent  Die  and  Motal  Samplcn. 

Representatives  at  aU  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

6HAIIIIIII9,  J.  PARKE 

OMtittiai  Ea|taMr, 
6i  Bmadwat,             new  YORK. 

MYERS.  DESAK  B. 

Mining  Sngineer 

821  Btoiy  Bnilding         LOS  ANOBLSS 

COULDREY.  PAUL  S. 

^fiitig  Engiiiear 

Oeneral  Mining  Superintendent 
Cnnao  nn  PAaco  Mzimro  Co. 

CERRO  tft  PASCO,  KRU 

MAKE  ARRANGEMENTS 
NOW  FOR  YOUR  CARD. 

HKHfflpy,  ROBERT  H. 

Ore  t>fmHm§ 
BOSTON,  MASS. 

RKIRDAN,  D.  M. 

ConnJHno  Engines 

Mining  Inveatigataona  eepeoialhr  earefaHy 
made  for  reeponaible  intending  in veaton. 

•IS  Market  Street,  SanFranotieo,  CaL 

FOR  PROFESSIONAL   CARDS 
QUOTBD    ON    APPLICATION. 
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PROFESSIONAL  CARD 


YOUD,  HERBERT 

Mtahv  EiutaiMr 


Guard*.  Portugal 


Code:  Bedford-McNeiU 


AT  YOUR  SERVICE 

When  you  are  in  need  of 
equipment  of  any  kind, 
write  the  AdverUsing 
Dept,  A.  I.  M.  E.,  and 
your  wants  will  be  made 
known  to  those  manufac- 
turing or  handling  the 
same,    ko  CHARGE. 


PROPOSALS    FOR     MEMBERSHIP.     A  blank  proposal  for  membership 

is  included  in  each  Bulletin.  In 
the  event  of  not  being  able  to  secure  such  a  one,  applications  for  member- 
ship can  be  made  out  on  any  blank  piece  of  paper,  provided  they  include 
the  class  to  which  the  candidate  is  proposed,  whether  member,  associate 
or  junior  member;  the  signature  of  three  members  or  associates  Gunior 
members  must  also  have  the  endorsement  of  two  of  their  instructors);  a 
brief  history  of  the  candidate,  including  date  and  place  of  birth,  his  edu- 
cation and  technical  record,  and  finally  a  signed  statement  by  the  applicant 
that  he  desires  to  become  a  member. 


BLUE  ENAMELED  PIN 


COLD  CROSS  HAMMERS 


SEAL  FOB 


THE  AMERICAN  INSTITUTE  OF 
MINING  ENGINEERS  has  adopted 
no  official  badge,  the  possession  of  which  is 
proof  of  membership.  Numerous  designs, 
however,  have  been  executed  for  temporary 
use,  and  of  these  three  here  shown  have 
proved  so  convenient  and  attractive,  that 
many  members  continue  to  wear  them  as 
personal  ornaments.  To  this  there  is  no  ob- 
jection; and  these  badges  will  be  sent  post- 
paid to  Members  and  Associates  on  the  re- 
ceipt of  the  price  by  New  York  check,  or 
Postal  Money  Order,  in  favor  of  the  Insti- 
tute, as  follows: 

Blue  Enameled  Pin,  Silver,  S0.75;  gold,  $2.00;  White 
Enameled  Button  for  officers,  gold,  $3.00;  Cross- 
Hammers,  gold,  $3.00;  Seal  Watch-Fob,  silver, 
$2.25;  silver-gilt,  $2.75;  gold,  (14  kt.)  $14.00. 


iMention  this  BuUiBmr  when  writint  adTortiaen.] 


(17) 


BXnXETIN,  A.  L  M.  £.— ADVERTISING  SECTION 


ALPHABETICAL  LIST  OF  ADVERTISERS 


Paob 

Albany  Lubricating  Co 3 

Allis-Chalmers  Manufacturing  Co 10 

Beer,  Sondheimer  &  Co 3 

A.  S.  Cameron  Steam  Pump  Works 8 

Colorado  Iron  Works  Co Inside  Front  Cover 

Crocker- Wheeler  Co 10 

Denver  Fire  Clay  Co 10 

Denver  Rock  Drill  Co 11 

Dorr  Co.,  The 3 

Du  Pont  Powder  Co 15 

Ensign  Bickford  Co 5 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 11 

Harbison-Walker  Refractories  Co 11 

Heller  &  Brightly 1 

Hyatt  Roller  Bearing  Co 6 

Illinois  Zinc  Co 12 

Ingersoll-Rand  Co 1 

Jeflfrey  Manufacturing  Co Inside  Back  Cover 

Lead  Lined  Iron  Pipe  Co 12 

A.  Leschen  &  Sons  Rope  Co 12 

Lufkin  Rule  Co 5 

Robins  Conveying  Belt  Co 13 

John  A.  Roebling's  Sons  Co Inside  Back  Cover 

P.  H.  &  F.  M.  Roots  Co ,   ....  13 

Chas.  A.  Schieren 3 

Sullivan  Machinery  Co 7 

Traylor  Engineering  &  Manufacturing  Co 7 

Union  Iron  Works 1 

L.  Vogelstein  &  Co 15 

Vulcan  Iron  Works 8 

Westinghouse  Electric  &  Mfg.  Co 9 

Weston  Electrical  Instrument  Co 5 

( 18  }  (M«BtioD  this  Buxunnr  wImo  writinc  adTwrtiMn.] 


Scores  of  G-E  Motors  Drive  Mills  for  the 
Calumet  and  Hecia  Mining  Company 

A  remarkable  installation  of  64  electrically 
driven  Hardinge  Mills  at  the  Calumet  and  Hecla  Min- 
ing Company  must  operate  24  hrs.  a  day  for  long 
periods. 

For  this,  the  largest  installation  of  its  kind  in  the 
world,  G-E  40  H.  P.  squirrel  cage  induction  motors 
were  selected.  These  motors  have  a  high  efficiency 
— ^so  important  for  long  period  operation — ^and  the  re- 
quired high  starting  torque. 

Practicallv  standard  construction  was  selected 
for  these  motors,  and  the  selection  has  been  justified 
during  the  last  three  years  by  an  operating  record 
which  has  been  satisfactory  in  every  respect. 

These  motors  are  so  dependable  in  operation  that 
but  two  men  per  shift  are  required  for  operating  the 
64  mills  and  motors. 

Hundreds  of  grinding  mills  are  driven  by  G-E 
motors,  the  capacity  of  which  in  some  cases  is  as 
Irtijy  as  225  H.  P.  Among  those  using  these  motors 
arc  file  Anaconda  Copper  Mining  Company,  the 
Iitspiration  Consolidated  Copper  Company  and 
others  equally  well  known. 

General  Electric 


Company 

O enerol  Office :  Schenectady,  N.  Y.     District  Offices  in : 


OncUtnttti,  Ohio 
*l.  Loula,  Ma. 


N»w  York.  W.  Y.  PluUdelpliia,  Pfc  Atlanta.  G«. 

^tiuA«vs  III.  D«nT«r,  Colo.      San  Fnuicteco^  CtL 

Sales  Ofices  ia  AU  Larse  atiea  6244 


v^oiorauu   iruii    vvurKs   KjV. 

Denver,  Colorado 

Main  Office  aiul  Workv  33rd  uxl  Wynkoop  Su.        Down  Town  Offioe:  206  ld«l  ByilJbif 

JMantion  thia  BvLLwna  vban  wiitinc  ■dTutiiin.] 


AMERICAN  INSTITUTE  OP  MINING  ENGINBER5 

29  Weft  39tli  Street,  New  York,  R  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr., 


(Name  In  Full) 


OccupaMon. 


Address. 


is  Thereby  proposed  by  the  undersigned,  as  a. 


of  the  American  Institute  of  Mining  Engineers. 


Signatorai  of  three 

Membenor 

AflooUtee. 


Plac^  ofhirth^ 


Year  of  birth. 


Eduboation,  general  and,  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 

I>£U£S 

■ 

Record  of  experience.  Briefly,  the  past  and  present  emploj/meni, 
with  names  of  employers,  companies  and  associates.  (Proper  luvmes, 
names  of  companies,  etc.,  should  be  written  without  abbreviations.) 


Dates 


Present  position: 


(If  the  applioant  has  previoualy  been  propoaed  ••  a  Mamber,  Aaaodata  or  Junior  Mambar  of  tha  Inatituta. 
thia  fact  should  ba  statad.) 

I  agree,  if  elected,  to  accept  election  within  four  months,  and  to  abide  by  the  CJonsti- 
tution  and  By-Laws 


Signature  of  Applicant: 


Dated_ 
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EXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  IL— Members. 

Sic.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely:  1.  Members;  2.  Hon- 
orary Members ;  8.  Associates ;  4.  Junior  Members.  *  *  * 

Sbc.  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  in  the  Institute,  namely :  as 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  pezsona 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Aasociatea,  all 
persons  desirous  of  being  connected  with  the  Institute  who  In  the  opinion  of  the  Board  of  Diief^rs 
are  suitable. 

As  Junior  Members,  all  students  In  good  standing  in  engineering  schools  who  haye  not  taken  thair 
degrees  and  who  are  nominated  by  at  least  two  of  their  instructors.  *  *  * 

Erery  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membersblp,  as  pra- 
icribed  in  the  By-Laws,  and  must  be  elected  by  the  Bo&rd  of  Directors. 
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W.  Aldrich 1381 
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Comparative  Test  at  the  Marathon,  Chilean  and  Hardinge  Mills.    B7 

P.  C.  Blickensderfer 1883 

The  Dlnminating  Power  of  Safety  Lampa.    By  W.  H.  Welgel IMS 

Iron  Pyrites  Deposits  In  Southeastern  Ontario,  Canada.    By  P.  E. 

Hopkins. 1861 

Method  of  Mining  Talc.    By  P.  R.  Hewitt 1871 
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TRANSACTIONS  FOR  1916 

Vol.  51  has  been  sent  to  all  members  who  have  paid  their  1916  dues. 
Vols.  52  and  53,  the  last  two  volumes  for  1916,  will  be  shipped  about  the 
middle  of  August  to  all  except  those  owing  current  dues.  Members  who 
do  not  receive  them  within  a  reasonable  time  are  asked  to  notify  the 
Secretary. 

Back  volumes  to  complete  sets  may  be  purchased  from  the  Institute 
at  reduced  rates. 


Arizona  Meeting,  Sept.  i8  to  25,  1916. 
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A&IERICAN   InSTITUTB   OP  MlNINQ  ENGINEERS  V 

ARIZONA  MEETING,  SEPTEMBER  18  to  26,  1916 

For  the  first  time  in  its  history  the  Institute  will  hold  a  meeting  in  the 
State  of  Arizona. 

A  few  years  ago  Arizona  stood  third  in  the  copper-producing  districts 
of  the  United  States.  Since  that  time,  with  the  development  of  porphyry 
mines,  the  output  has  gonie  up  with  great  rapidity  until  it  not  only  is  the 
leading  district,  but  its  output  at  the  present  time  is  at  the  rate  of  nearly 
double  the  Montana  output,  which  now  stands  second  in  the  list. 

In  connection  with  this  development,  most  interesting  departures 
have  been  made  in  methods  of  mining,  concentration  and  smelting. 
Principles  of  mining  and  metallurgy  of  the  greatest  interest  will  be  cov- 
ered by  papers  which  will  appear  in  the  Bulletin  and  be  presented  at 
Technical  Sessions,  while  ample  opportunity  will  be  afforded  for  those 
who  go  to  the  meeting  to  see  all  the  points  of  interest  to  them.  In  addi- 
tion, members  will  be  well  rewarded  by  the  marvelous  natural  features 
to  be  seen  on  the  trip,  including  the  petrified  forests,  the  cliflf  dwellings 
on  the  Apache  Trail  and  the  Grand  Canyon  of  Arizona. 

It  is  planned  to  start  the  special  train  from  New  York,  but  members 
and  guests  may  join  the  special  at  other  points  en  route  as  indicated  by 
the  following  schedule: 

ITINERARY 

Thursday,  September  14th 

Lv  New  York,  Grand  Central  Terminal 5 .  30  p.  m. 

Dinner  in  dining  cat  a  la  carte 

New  England  Members  via  B.  &  A.  R,  R, 

Lv  Boston TRegular  train) 2.00  p.  m. 

Lo  Worcester (Regular  train) 3 .  12  p.  m. 

Lv  Springfield (Regular  train) 4.37  p.  m. 

Dinner  in  Dining  Car  a  la  carte 

Ar  Albany New  York  Central  R.  R 7.45  p.  m. 

Lo  Albany 9.00  p.  m. 

Lv  Schenectady 9. 32  p.  m. 

Lv  Utica 11 .  08  p.  m. 

Friday,  September  16th 

Lo  Syracuse 12.30  a.  m. 

Lo  Cleveland 7.25  a.  m. 

Lo  Toledo 10.06  a.  m. 

Ar  Chicago 4 .  00  p.  m. 

Lo  Chicago,  C.  R.  I.  &  P 8.05  p.  ra. 

Saturday,  September  16th 

Lo  Kansas  City,  C.  R.  I.  &  P 11 .00  a.  m. 

Lo  Topeka,  C.  R.  I.  &  P 1 .05  p.  m. 

Lo  Hutchinson 6.05  p.  m. 

Sunday,  September  17th 

if  Santa  Rosa,  E.  P.  &  S.  W.  R.  R 6.30  a.  m. 

Ar  El  Paso 2.40  p.  m. 

Lo  El  Paso,  Southern  Pacific 10.20  p.  m. 

Monday,  September  18th 

Av  Santa  Rita 4 .  00  a.  m. 

Visit  mines  of  Chino  Copper  Co.  and  mill  of  Empire  Zinc  Co. 
Lo  Santa  Rita,  Sante  Fe. : 2.00  p.  m. 
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Av  Hurley 2.45  p.  m. 

Visit  mill  of  China  Copper  Co. 
Lv  Hurley,  Sante  Fe 10. 15  p.  m. 

Tuesday,  September  19th 

Ar  Douglas ....•*  7.00  a.  m. 

Visit  reduction  works  of  Copper  Queen  Consolidated 

Mining  Co.,  and  of  Calumet  &  Arizona  Mining  Co. 

Techmcid  Session  on  ''Smelting." 

Technical  Session  on  "Leaching." 
Lv  Douglas,  E.  P.  &  S.  W 11.00  p.  m. 

Wednesday,  September  20th 

Ar  Bisbee,  Arizona 1 ,  00  a.  m. 

Visit  to  mines  of  district. 
Technical  Session,  subject  "Mining  and  Geology" 
Lv  Bisbee,  E.  P.  &  S.  W 10.00  p.  m. 

Thursday,  September  21st 

Ar  Globe 9.00  a.  m. 

Visit  to  mines  and  reduction  works  of  Old  Dominion  Copper  Co. 
Technical  Session,  subject  "Concentration  and  Flotation." 
Technical  Session,  subject  "Fine  Grinding." 

Friday,  September  22nd  (Globe) 

Visit  reduction  works  of  International  Smelting  &  Refining  Co.,  and  mills  of  The 
Inspiration  Consolidated  Copper  Co.,  and  the  Miami  Copper  Go. 

Technical  Session^  subject  "  Mining  and  Smelting." 

(The  Ray  Consohdated  Copper  Co.  will  welcome  members  and  guests  who  desire 
to  visit  the  mine  at  Ray.  Special  arrangements  must  be  made  by  omitting  other 
features  on  the  program  and  with  the  understanding  that  those  who  go  to  Ray  must 
reach  Phoenix  in  time  to  take  the  train  from  there.) 

Saturday,  September  23rd  (Globe) 

Lv  Globe  by  automobile  over  Apache  Trail,  including  visit  to  Roosevelt  Dam. 

Ar  Phoenix  about 5.30  p.  m. 

Lv  Phoenix,  Sante  Fe 8.00  p.  m. 

THE  APACHE  TRAIL 

History  records  that  the  ancient  trail  leading  to  the  ruined  cliflf  dwell- 
ings in  the  Salt  River  Valley  was  discovered  in  1540  by  Francisco  Vasquez 
de  Coronado,  the  Spanish  explorer,  in  his  search  for  the  treasures  of  the 
"seven  cities"  of  Cibola,  the  abode  of  the  Zuni  Indians — the  "Fathers  of 
the  Pueblos."  Later  the  trail  was  used  by  the  Apache  Indians  and  this 
wild  and  rugged  region  was  one  of  their  last  retreats — the  scene  of  des- 
perate encounters  with  our  troopers  in  the  campaign  of  1872.  Today 
the  modern  motor  car  follows  the  same  historic  and  romantic  trail  through 
scenery  of  unusual  variety  and  beauty  over  the  highway  between  Globe 
and  Phoenix,  a  distance  of  120  miles. 

The  building  of  the  great  Roosevelt  Dam,  which  required  the  con- 
struction of  the  roadway  through  the  wildest  and  most  rugged  sections 
of  the  route,  has  made  possible  this  unique  mountain  tour,  and  the  conse- 
quent transformation  of  the  Salt  River  and  Tonto  Creek  basins  into  a 
great  lake  region  has  added  a  charming  aspect  to  views  already  grandly 
impressive. 
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CLIFF  DWELLINGS 

At  a  point  four  and  one-half  miles  east  of  Roosevelt,  a  wagon  trail 
leads  up  a  small  canyon  to  a  point  where  a  foot  trail  may  be  taken  up  the 
steep  mountain  side  to  a  group  of  ancient  cliff  dwellings  which  are  well 
worth  visiting.  Another  and  more  extensive  group  of  ruins  can  be 
reached  two  miles  farther  by  trail. 

ROOSEVELT  DAH 

This  great  dam  has  a  maximum  height  of  280  feet.  When  the  reser- 
voir is  full  the  water  backs  up  fifteen  miles  in  the  Tonto  and  fifteen  miles 


A  Water  Bottle  in  the  Desbbt. 

Taking  a  drink  presaed  from  the  pulp  that  forms  the  interior  of  a  barrel  cactus,  or 

visnaga.     (Bulletin  613,  U.  3.  Geological  Survey.) 

in  Salt  River.  A  hydro-electric  plant  located  below  the  dam  furnished 
current  for  use  during  the  construction  period  and  now  provides  power 
for  irrigation  pumping  on  the  Salt  River  Project  and  for  sale  to  private 
consumers. 

The  Salt  River  Valley  is  a  land  of  perennial  summer,  of  oranges,  of 
cotton  and  of  dat«s.  Alfalfa  is  a  staple,  and  ostrich  farming  is  amoi^ 
the  successful  enterprises.  Irrigation  has  hastened  the  valley's  progress 
and  confirmed  its  business  stability.  Phoenix  is  its  metropolis,  an  ener- 
getic and  attractive  city,  and  the  capital  of  the  State. 
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Sunday,  September  2Mth 

Ar  Grand  Canyon 8 .  00  a.  m. 

Lv  Grand  Canyon,  Sante  Fe 7. 40  p.  m. 

GRAND  CANYON  OF  ARIZONA 

The  series  of  tremendous  chasms  which  form  the  channel  of  the  Colo- 
rado River  in  its  course  through  northern  Arizona,  reach  their  culmina- 
tion in  a  chaotic  gorge,  217  miles  long,  from  9  to  13  miles  wide,  and  more 
than  6,600  ft.  below  the  level  of  the  plateau. 

Standing  upon  the  brink  of  the  plateau  at  the  point  of  the  canyon's 
greatest  width  and  depth,  the  beholder  is  confronted  by  a  scene  whose 
majesty  and  beauty  are  indescribable.  It  is  one  of  the  few  widely  adver- 
tised spots  which  one  need  not  fear  approaching  with  anticipations  too 
exalted.    It  has  never  been  adequately  described,  and  never  will  be. 

The  picture  on  the  cover  of  this  Bulletin  is  of  the  north  side  of  the 
Grand  Canyon  as  viewed  by  telescope  from  El  Tovar  Hotel.  This  illus- 
tration and  others  of  Arizona  scenery  herewith  reproduced  are  from 
Bulletin  613,  U.  S.  Geological  Survey,  Guidebook  of  the  Western  United 
States,  Part  C,  The  Santa  Fe  Route.  These  cuts  were  obtained  through 
the  courtesy  of  Dr.  George  Otis  Smith,  Director.  The  letters  indicate 
rock  formations  as  follows: 

G,  granite  and  gneiss;  U,  sandstone,  red  shale,  and  Umestone  (Unkar) ; 
r,  sandstone  of  Tonto  Platform;  Sh,  shale  of  Tonto  group  lying  directly 
on  quartzite  of  Unkar,  R,  limestone  (Redwall) ;  S,  red  sandstone  and  shale 
(Supai);  C,  gray  sandstone  (Coconino);  X,  limestone  (Kaibab).  The 
Redwall  butte  in  center  is  Cheops  Pyramid.  Beyond  it  are  Buddha  and 
Manu  temples.    The  background  is  the  Kaibab  Plateau. 

Monday,  September  26th 

Lv  Albuquerque,  Santa  Fe 7 .  00  p.  m. 

Tuesday,  September  26th 

Lb  La  Junta,  Sante  Fe 7. 10  a.  m. 

Lb  Kansas  City,  Sante  Fe 11 .00  p.  m. 

Wednesday,  September  27th 

Ar  Chicago 11 .  16  a.  m. 

Lv  Chicago,  New  York  Central 12. 40  p.  m. 

Lv  CleveGmd,  New  York  Central 7.35  p.  m. 

Thursday,  September  2Sth 

Ar  Albany 6.27  a.  m. 

Ar  Boston 1 1 .  55  p.  m. 

Ar  Grand  Central  Terminal 9.40  a.  m. 

Fares  quoted  below  include  railroad  and  sleeping  car  fares  for  the 
entire  trip.  Fares  from  New  York  and  Albany  also  include  excess  fares 
applying  to  Chicago  and  return  owing  to  extra  fast  schedule  of  train. 

For  the  exclusive  use  of  a  compartment  by  one  person,  one  an  i  one- 
half  rsdlroad  tickets  are  required  and  for  a  drawing  room,  two  tickets  are 
required. 

The  arrangements  as  announced,  also  railroad  and  sleeping  car  fares 


xu 
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shown  below,  are  conditional  upon  one  hundred  fares  New  York  to  El 
Paso,  one  hundred  twenty-five  fares  El  Paso  to  Grand  Canyon  and  one 
hundred  fares  Grand  Canyon  to  New  York. 


starting  point 


Lower 
1  Person 


New  York.. 

Albany 

Schenectady 

Utica 

Syracuse 

Kochester. . . 

Buffalo 

Cleveland. . . 

Toledo 

Chicago .... 
Kansas  City 


$228 . 50 
216.60 
208.96 
205.84 
203.84 
200.60 
198.40 
188.80 
186.30 
176.80 
160.30 


Upper 
1  Person 


$217.50 
205.60 
197.96 
194.84 
192.84 
189.60 
187.40 
177.80 
175.30 
165.80 
149.30 


Compartment 

2  Persons 

(Each) 


$233.50 
221.60 
213.96 
210.84 
208.84 
205.60 
203.40 
193 . 80 
191.30 
181.80 
165.30 


Drawing  Room 

2  Persons 

(Each) 


$261.00 
249.10 
241.46 
238.34 
236.34 
233.10 
230.90 
221.30 
218.80 
209.30 
192.80 


APPLICATIONS 

Those  desirous  of  joining  the  Tour  should  promptly  communicate 
with  Mr.  W.  V.  Lifsey,  Assistant  General  Passenger  Agent,  New  York 
Central  Lines,  1216  Broadway,  New  York  City.  Reservations  will  be 
made  in  the  order  in  which  applications  are  received. 

Members  of  the  Arizona  Section  desiring  accommodations  on  the 
Special  Train  should  communicate  with  Mr.  Arthur  Notman,  Box  400, 
Bisbee,  Ariz. 


PROCEEDINGS  OF  THE  MEETING  OF  THE  BOARD  OF 

DIRECTORS,  JUNE  23,  1916 

Report  was  made  by  the  Committee  of  National  Engineering  Societies 
on  the  Reserve  Corps  of  Engineers  and  it  was  voted  that  a  committee  of 
three  be  formed — consisting  of  the  President  of  the  Institute,  Dr.  Henry 
S.  Drinker  and  the  Secretary  of  the  Institute — to  select  members  in  dif- 
ferent parts  of  the  country  to  advise  with  the  local  U.  S.  Engineer  Officers 
as  to  qualifications  of  applicants  for  the  Reserve  Corps  of  Engineers. 


NOMINATIONS  FOR  OFFICERS 

The  suggestions  of  the  members  of  the  Institute  are  very  much  desired 
by  the  Committee  on  Nominations  prior  to  deciding  upon  its  nominations 
to  fill  the  places  of  those  officers  who  retire  early  in  1917.  The  Com- 
mittee must  make  its  final  report  to  the  Board  of  Directors  early  in 
October.  The  members  are,  therefore,  asked  to  send  in  promptly  their 
suggestions  for  Directors  as  well  as  for  Vice-Presidents  and  President. 
The  Committee  hopes  to  hear  from  a  large  number  of  the  members. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1917, 
are: 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 
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Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Con- 
stitution, and  to  By-Law  XIII,  which  reads  as  follows: 

"The  geographical  districts  to  be  considered  by  the  Committee  on  Nominations 
shall  be  as  foUows,  until  otherwise  ordered  by  the  coard. 

District  No.  1.  New  England,  New  York,  and  New  Jersey,  excepting  New  York 
Citv  and  district,  which  is  provided  for  in  the  Ck>nstitution.  (N.B. — New  York  City 
and  district  is  designated  District  0.) 

District  No.  2.     Pennsylvania. 

District  No.  3.    Ohio,  Indiana,  lUinoiB,  Iowa,  and  Missouri. 

District  No.  4.  -  Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  Montana,  North  and  South  Dakota,  Wyoming,  Nebraska, 
Kansas,  Washington,  Oregon,  Idaho,  and  Alaska. 

District  No.  6.     California  and  Nevada. 

District  No.  7.     Utah,  Colorado,  Arizona,  and  New  Mexico. 

District  No.  8.    Louisiana  and  Texas. 

District  No.  9.     Other  Southern  States  and  District  of  Columbia. 

District  No.  10.     Mexico. 

District  No.  11.     Canada." 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  follows: 

"In  making  such  selections  [namelv,  the  8  Directors  to  be  elected],  the  Nominating 
Committee  shall,  so  far  as  practicable,  distribute  the  representation  on  the  Board 
geographically,  so  that  seven  members  shall  be  residents  of  the  district  including 
New  York  City  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  ot 
the  Institute,  and  one  member  a  resident  of  each  of  the  geographical  districts  enu- 
merated in  the  By-Laws." 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows: 

President,  L.  D.  Ricketts  (not  eligible  for  re-election). 

Past  President,  Benjamin  B.  Thayer. 

Vice-Presidents,  H.  C.  Hoover,  District  6;  Joseph  W.  Richards,  Dis- 
trict 2. 

Directors,  Reginald  W.  Brock,  District  11;  Albert  R.  Ledoux,  Dis- 
trict 0;  D.  C.  Jackling,  District  7;  Charles  W.  Merrill,  District  6;  Henry 
L.  Smyth,  District  1. 

Last  year  an  unusually  large  vote  was  cast  for  officers,  and  it  is  hoped 
that  members  will  show  a  similar  interest  and  activity  in  communicating 
to  the  Committee  their  views  regarding  the  men  best  fitted  to  fill  the 
vacancies. 

Communications  should  be  sent  to  the  Chairman  of  the  Committee 
on  Nominations,  1208  HolUngsworth  Bldg.,  Los  Angeles,  Cal. 

Seeley  W.  Mudd, 

ChairmaUf  Committee  on  Nominations. 


ENGINEERS'  RESERVE  CORPS 

The  Army  Reorganization  Act,  which  became  effective  July  1,  1916, 
contains  a  provision  authorizing  the  organization  of  an  Officers'  Reserve, 
in  which  will  be  included  a  Corps  of  Reserve  Engineers.  There  will  also 
be  an  Enlisted  Reserve  of  skilled  workmen  in  technical  lines.  The  special 
provisions  of  the  bill  relating  to  the  Engineer  Officers'  Reserve  were 
formulated  with  the  help  of  the  Joint  Committee  of  the  several  national 
engineering  societies,  which  has  been  at  work  on  the  matter  for  over  a 
year  with  the  War  Department  and  Committees  of  Congress. 

Recognizing  that  engineering  science  is  the  basis  of  success  in  modem 
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warfare,  it  is  apparently  the  purpose,  in  thus  mobilizing  the  engineering 
talent  of  the  country,  to  give  every  engineer  or  technical  specialist  an 
opportunity,  if  the  country  can  use  his  services,  to  do  that  which  he  can 
do  best,  and  not  necessarily  to  try  and  train  all  to  the  same  standard  of 
military  engineering  work  for  service  with  troops.  At  the  same  time, 
exceptional  opportunities  are  offered  to  those  who  wish  to  qualify  for 
this  kind  of  active  service  and  for  those  engineers  who  are  inclined  to 
seek  commissions  as  engineer  officers  in  the  permanent  establishment. 
It  will  be  noted  that  the  usual  age  limits  are  waived  in  the  case  of  the 
Engineers'  Reserve  Corps. 

But  for  the  disarrangement  of  the  ordinary  routine  of  the  War  Depart- 
ment, resulting  from  the  present  emergency  on  the  Mexican  border,  it  is 
probable  that  the  machinery  for  organizing  the  Engineers'  Reserve  Corps 
would  already  be  in  motion,  but  under  the  circumstances,  it  will  be  neces- 
sary to  await  the  convenience  of  the  authorities. 

The  report  of  the  Joint  Committee  follows: 

To  the  Boards  of  Direction  of  the 

American  Society  of  Civil  Engineers, 
American  Institute  of  Mining  Engineers, 
American  Society  of  Mechanical  Engineers, 
American  Institute  of  Electrical  Engineers, 
American  Institute  of  Consulting  Engineers. 

Dear  Sirs: — On  December  22,  1915,  the  Joint  Committee  (consisting  of  the 
Chairmen  of  your  several  committees),  formed  under  the  authority  of  the  five  societies 
in  order  to  facilitate  the  carrying  out  of  the  organization  of  an  Engineer  Reserve  as  part 
of  the  military  forces  of  the  United  States,  reported  the  progress  that  had  been  made 
up  to  that  time  in  the  matter  of  the  necessary  legislation. 

The  Joint  Committee  has  now  to  report  to  you  that  the  legislation  referred  to  is 
embodied  in  a  bill  which  recently  passed  Congress,  has  been  signed  by  the  President, 
and  will  become  effective  July  1,  1916.  This  bill,  known  as  the  Army  Reorganiza- 
tion Act  of  1916,  contains  provisions  for  the  organization  of  an  Officers  Reserve,  in- 
cluding engineers.  An  abstract  of  the  principal  clauses  relating  to  the  Officers 
Reserve  and  to  the  Enlisted  Jleserve  Corps  is  appended  hereto. 

The  War  Department  is  now  formulating  the  plan  of  organization  of  the  Reserve 
Corps  of  Engineers  and  of  the  Enlisted  Reserve  Corps  and  the  requirements  that 
will  be  prescribed  for  enrollment  therein.  As  soon  as  practicable  after  July  1,  the 
War  Department  will  issue  an  invitation  to  the  engineers  of  the  country  to  apply 
for  commissions  in  the  Reserve  Corps  of  Engineers,  and  there  will  be  available  for  those 
interested  full  and  complete  information  as  to  the  requirements  for  commissions  in 
the  several  grades  from  Second  Lieutenant  to  Major,  and  for  Master  Engineers  and 
Sergeants,  and  the  method  of  procedure  to  secure  commissions  or  enlistment. 

The  Joint  Committee  has  notified  the  War  Department  that  its  services  in  these 
matters  are  at  the  call  of  the  Department. 

Very  truly  yours, 

Wm.  Barclay  Parsons.  Chairman, 

American  Society  oj  Citnl  Engineers, 
H.  S.  Drinker, 

American  institute  of  Mining  Engineers, 
Wm.  H.  Wiley, 

American  Society  of  Mechanical  Engineers, 
B.  J.  Arnold, 

American  Institute  of  Electrical  Engineers, 
Ralph  D.  Mershon, 

American  Institute  of  Consulting  Engineers. 
23d  June,  1916. 
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Abstract 

The  Engineer  Section  of  the  Officers  Reserve  Corps  and  the  Enlisted 

Reserve  Corps 

'  From  the  Army  Reorganization  Act  of  1916|  Sections,  37,  38,  39,  55 

Sec.  37. — The  Officers  Reserve  Corps. — For  the  purpose  of  securing  a  reserve  of 
officers  available  for  service  as  temporary  officers  in  the  Regular  Army,  as  provided 
for  in  this  Act  and  in  Section  eight  of  the  Act  approved  April  twenty-fifth,  nineteen 
hundred  and  fourteen,  *  *  *  there  shall  be  organized,  under  such  rules  and  regula- 
tions as  the  President  may  prescribe  not  inconsistent  with  the  provisions  of  this  Act, 
an  Officers  Reserve  Corps  of  the  Regular  Army.  Said  corps  shall  consist  of  sections 
corresponding  to  the  various  arms,  staff  corps,  and  departments  of  the  Regular  Army. 
Except  as  otherwise  herein  provided,  a  member  of  tne  Officers  Reserve  Corps  shall 
not  be  subject  to  call  for  service  in  time  of  peace,  and  whenever  called  upon  for  service 
shall  not,  without  his  consent,  be  so  called  in  a  lower  grade  than  that  held  by  him  in 
said  reserve  corps. 

The  President  alone  shall  be  authorized  to  appoint  and  commission  as  reserve  officers 
in  the  various  sections  of  the  Officers  Reserve  Corps,  in  all  grades  up  to  and  including 
that  of  maior,  such  citizens  as,  upon  examination  prescribed  by  the  President,  shall 
be  found  physically,  mentally  and  morally  qualified  to  hold  such  commissions:  Pro- 
vided, That  the  proportion  of  officers  in  any  section  of  the  Officers  Reserve  Corps  shall 
not  exceed  the  proportion  for  the  same  grade  in  the  corresponding  arm,  corps,  or  de- 
partment of  the  Regular  Army,  except  that  the  number  commissioned  in  the  lowest 
authorized  grade  in  any  section  of  the  Officers  Reserve  Corps  shall  not  be  Umited. 

The  commissions  of  all  officers  of  the  Officers  Reserve  Corps  shall  be  in  force  for 
a  period  of  five  years  unless  sooner  terminated  in  the  discretion  of  the  President. 
Such  officers  may  be  recommissioned,  either  in  the  same  or  higher  grades,  for  successive 
periods  of  five  years,  subject  to  such  examinations  and  qmalifications  as  the  President 
may  prescribe  and  to  the  ajge  hmits  prescribed  herein :  rrouided,  That  officers  of  the 
Officers  Reserve  Corps  shall  have  rank  therein  in  the  various  sections  of  said  Reserve 
Corps  according  to  grades  and  to  length  of  service  in  their  grades. 

Sec.  38. — ^The  Officers  Reserve  Corps  in  War. — In  time  of  actual  or  threatened 
hostilities  the  President  may  order  officers  of  the  Officers  Reserve  Corps,  subject  to 
such  subsequent  physical  examinations  as  he  may  prescribe,  to  temporary  duty  with 
the  Re^lar  Army  m  grades  thereof  which  can  not,  for  the  time  being,  be  filled  by 
promotion,  or  as  officers  in  volunteer  or  other  organizations  that  may  be  authorized 
by  law,  or  as  officers  at  recruit  rendezvous  and  depots,  or  on  such  other  duty  as  the 
President  may  prescribe.  While  such  reserve  officers  are  bn  such  service  they  shall, 
by  virtue  of  their  commissions  as  reserve  officers,  exercise  command  appropriate  to 
their  grade  and  rank  in  the  organizations  to  which  they  may  be  assigned,  and  shall 
be  entitled  to  the  pay  and  allowances  of  the  corresponding  grades  in  the  Regular  Army, 
with  increase  of  pay  for  length  of  active  service,  as  allowed  by  law  for  officers  of  the 
Regular  Army,  from  the  date  upon  which  they  shall  be  required  by  the  terms  of  their 
orders  to  obey  the  same:  Providedt  That  officers  so  ordered  to  active  service  shall  take 
teniporary  rank  among  themselves  and  in  their  grades  in  the  organizations  to  which 
assigned,  according  to  the  dates  of  orders  placing  them  on  active  service;  and  they  may 
be  promoted,  in  accordance  with  such  rank,  to  vacancies  in  volunteer  organizations 
or  to  temporary  vacancies  in  the  Regular  Army  thereafter  occurring  in  the  organiza- 
tions in  which  they  shall  be  serving.  *  *  ♦ 

Any  officer  who,  while  holding  a  commission  in  the  Officers  Reserve  Corps,  shall 
be  ordered  to  active  service  by  the  Secretary  of  War  shall,  from  the  time  he  shall 
be  required  by  the  terms  of  his  order  to  obey  the  same,  be  subject  to  the  laws  and 
regulations  for  the  government  of  the  Army  of  the  United  States,  in  so  far  as  they  are 
applicable  to  officers  whose  permanent  retention  in  the  military  service  is  not  con- 
templated. 

Sec.  39. — Instruction  of  Officers  of  the  Officers  Reserve  Corps. — To  the  extent 
provided  for  from  time  to  time  by  appropriations  for  this  specific  purpose,  the  Secre- 
tary of  War  is  authorized  to  order  reserve  officers  to  duty  with  troops  or  at  field  exer- 
cises, or  for  instruction,  for  periods  not  to  exceed  fifteen  days  in  any  one  calendar 
year,  and  while  so  serving  such  officers  shall  receive  the  pay  and  allowances  of  their 
respective  grades  in  the  f^gular  Army :  Provided^  That,  with  the  consent  of  the  reserve 
officers  concerned,  and  within  the  limit  of  fund?  available  for  the  purpose,  such  periods 

of  duty  may  be  extended  for  reserve  officers  as  the  Secretary  of  War  may  direct.  *  •  ♦ 
*  *  *  *  «  *  *  « 
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Sec.  55. — The  EnliBted  Reserve  Corps. — For  the  purpK>se  of  securing  an  additional 
reserve  of  enlisted  men  for  military  service  with  the  Engineer  ♦  ♦  ♦  Corps  *  *  •  of 
the  Regular  Army,  an  Enlisted  Reserve  Corps,  to  consist  of  such  number  of  enlisted 
men  of  such  grade  or  grades  as  may  be  designated  by  the  President  from  time  to  time, 
is  hereby  authorized,  such  authorization  to  be  effective  on  and  after  the  first  ^ay  of 
July,  nineteen  hundred  and  sixteen. 

There  may  be  enlisted  in  the  grade  or  grades  hereinbefore  specified,  for  a  period  of 
four  years,  under  such  rules  as  may  be  prescribed  by  the  Pi^dent,  citizens  of  the 
United  States,  or  persons  who  have  declared  their  intentions  to  become  citizens  of  the 
United  States^  suoject  to  such  physical,  educational  and  practical  examination  as 
may  be  prescnbed  in  said  rules.  For  men  enlistins  in  said  grade  or  trades  certificates 
of  enlistment  in  the  Enlisted  Reserve  Coips  shall  oe  issued  by  the  Adjutant  General 
of  the  Army,  but  no  such  man  shall  be  enlisted  in  said  corps  unless  he  shall  be  found 

ghysically,  mentally  and  morally  qualified  to  hold  such  certificate  and  unless  he  shall 
e  between  the  ages  of  eighteen  and  forty-five  years.  The  certificates  so  p^iven  shall 
confer  upon  the  holders  when  called  into  active  service  or  for  purposes  of  mstruction 
and  training,  and  during  the  period  of  such  active  service,  instruction,  or  training,  all 
the  authority,  rights  and  privileges  of  like  grades  of  the  Regular  Army.  *  *  *  And 
the  Secretary  of  War  is  herebv  authorized  to  issue  to  members  of  the  Enlisted  Reserve 
Corps  and  to  persons  who  have  participated  in  at  least  one  encampment  for  the 
military  instruction  of  citizens,  conductea  under  the  auspices  of  the  War  Department, 
distinctive  rosettes  or  knots  designed  for  wear  with  civilian  clothing. 

The  President  is  authorized  to  assign  members  of  the  Enlisted  ileserve  Coips  as 
reserves  to  particular  organizations  of  the  Regular  Army,  or  to  organize  the  Enlisted 
Reserve  Corps,  or  any  part  thereof,  into  units  of  detachments  of  any  arm,  corps,  or 
department  m  such  manner  as  he  may  prescribe,  and  to  assign  to  such  units  and 
detachments  officers  of  the  Regular  Army  or  of  the  Officers  Reserve  Corps,  herein 
provided  for. 

•  To  the  extent  provided  from  time  to  time  by  appropriations,  the  Secretary  of  War 
maj  order  enhsted  men  of  l^e  Ihilisted  Reserve  Corps  to  active  service  for  purposes 
of  instruction  or  training  for  periods  not  to  exceed  nfteen  days  in  any  one  calendar 
year:  Provided,  That,  with  the  consent  of  such  enlisted  men  and  withm  the  limits  of 
the  funds  available  for  such  purposes,  such  periods  of  active  service  may  be  extended 
for  such  number  of  enlisted  men  as  may  be  deemed  necessary. 

Enlisted  men  of  the  Enlisted  Reserve  Corps  shall  receive  the  pay  and  allowances 
of  their  respective  grades,  but  only  when  ordered  into  active  service,  including  the 
time  required  for  actual  travel  from  their  homes  to  the  places  to  which  ordered  and 
return  to  their  homes.  •  *  ♦ 


PERSONAL 


(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  called  at  Institute  headquarters  during  the 
period  June  10,  1916  to  July  10,  1916: 


Arthur  Adams,  Miami,  Ariz. 

J.  H.  Batcheller,  Mattapoisitt,  Mass. 

R.  S.  Bonsib,  Low  Moor,  Va. 

E.  L.  Booth,  New  York,  N.  Y. 

C.  L.  Bryden,  Scranton,  Pa. 

P.  Crabtree,  Pittsburgh,  Pa. 

L.  B.  Barnes,  Pueblo,  Colo. 

S.  J.  Gon^,  Guayacan,  Chile. 

Ernest  A.  Hersam,  Berkele^r,  Cal. 

A.  W.  Hudson,  Douglas,  Ariz. 

Chas.  W.  Johnston,  West  Norfolk,  Va. 


fohn  M.  Lovejoy,  New  Rochelle,  N.  Y. 
f.  F.  Manning,  Seoul,  Korea. 
^.  P.  Mathewson,  Anaconda,  Mont. 
Edwin  W.  Mills,  Seoul,  Korea. 
Arthur  Notman,  Bisbee,  Ariz. 
L.  B.  Reifsneider,  Daiquiri,  Cuba. 
W.  S.  Schuyler,  Berkeley,  Cal. 
O.  N.  Scott,  Toronto,  Ont.,  Canada. 
Arthur  F.  Taggart,  New  Haven,  Conn. 
Warren  D.  Thompson,  Boston,  Mass. 
Thor.  Warner,  Kmgman,  Ariz. 


Rodolphe  L.  Agassiz  has  been  chosen  president  of  the  Calumet  & 
Hecla  Mining  Co.,  an  office  which  has  been  vacant  for  over  a  year. 

Percy  E.  Barbour,  Managing  Editor  of  the  Engineering  and  Mining 
Journalf  resigned  his  commission  as  2d  Lieutenant  in  the  Main  Coast 
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Artillery  to  accept  a  commission  as  1st  lieutenant  in  the  22(i  Corps  of 
Engineers,  N.  G.  N.  Y.    He  is  now  at  Fort  McAUen,  Tex. 

H.  Eenyon  Burch,  Chief  Engineer  of  the  Inspiration  Consolidated 
Copper  Co.,  completed  his  work  pertaining  to  the  design  and  construction 
of  the  plant,  and  left  on  July  1st  for  an  extended  vacation  trip  throughout 
the  East.  His  forwarding  address  for  the  next  few  months  will  be  care  of 
The  Sierra  Madre  Club,  L.  A.  Investment  Bldg.,  Los  Angeles,  Cal. 

Corey  C.  Bra3rton  and  E.  R.  Richards  have  established  offices  in  the 
Hobart  Bldg.,  San  Francisco,  Cal.,  for  the  purpose  of  conducting  the 
business  of  Mining  and  Metallurgical  Engineering. 

Juan  Felix  Brandos  has  removed  his  offices  to  139  Whittell  Bldg.,  166 
Geary  St.,  San  Francisco,  Cal. 

S.  A.  Crandall  has  accepted  a  position  as  draftsman  with  the 
Bunker  Hill  and  Sullivan  Smelter,  Kellogg,  Ida. 

John  C.  Devine,  since  1906  assistant  superintendent  of  the  Ray  Con- 
solidated Copper  Co.,  has  resigned  and  will  devote  his  attention  to  the 
development  of  the  Renfro  property  of  the  Pinal  Development  Co.,  of 
which  he  is  president. 

Edward  B.  Durham  is  now  with  the  Mammoth  Copper  Mining  Co., 
Kennett,  Cal. 

Edward  L.  Bstabrook  has  become  geologist  for  the  Wisconsin  Zinc 
Co.,  at  Platteville.,  Wis. 

F.  Julius  Fohs,  who  has  devoted  himself  to  a  consulting  practice  in 
oil  geology  for  the  past  four  years,  announces  that  he  has  opened  new 
offices  in  the  Gallais  Building  at  Tulsa,  Okla.,  with  a  staff  of  six  geol- 
ogists and  one  topographer,  and  that  he  is  covering  an  increasing  scope 
of  country  with  his  structural  surveys. 

George  A.  Guess,  professor  of  metallurgy  at  the  University  of  Toronto, 
has  been  engaged  by  the  Vermont  Copper  Co.  to  start  up  the  copper  smelt- 
ery at  South  Strafford,  Orange  Co.,  Vt.,  which  has  never  been  operated 
successfully. 

Henry  M.  Howe  has  just  been  appointed  Honorary  Vice-President  of 
the  Iron  and  Steel  Institute  of  Great  Britain.  There  are  only  two  others. 
Professor  D.  Tschernoff,  of  Russia;  and  Giorgio  E.  Flack,  of  Italy. 

Capt.  Robert  W.  Hunt  has  been  honored  by  the  Rensselaer  Poly- 
technic Institute,  with  which  he  has  been  long  identified,  with  the  degree 
of  Doctor  of  Engineering. 

E.  T.  Lednum  has  been  made  manager  of  E.  I.  DuPont  de  Nemours 
4  Co.,  with  offices  in  Suite  808,  Frisco  Bldg.,  Joplin,  Mo. 

E.  Fleming  L'Bngle  has  been  appointed  manager  of  the  Royal  Zinc 
Co.,  Joplin,  Mo. 

Waldemar  Lindgren,  Professor  of  Economic  Geology  at  Massachusetts 
Institute  of  Technology,  has  been  awarded  the  honorary  degree  of  Doctor 
of  Science  by  Princeton  University. 
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N.  O.  Lawton  has  completed  the  exploration  work  in  which  he  was 
engaged  in  Hancock  Co.,  Tenn.,  and  will  be  at  South  Strafiford,  Vennont, 
during  July,  examining  copper  properties. 

C.  H.  Macnutt  has  resigned  his  position  as  manager  of  Burma  Mines 
Co.,  Namtu,  Burma. 

W.  G.  Matteson  has  accepted  the  position  of.  geologist  for  the  Empire 
Gas  and  Fuel  Co.,  Bartlesville,  Okla. 

William  B.  Phillips  has  resigned  the  presidency  of  the  Colorado 
School  of  Mines,  and  has  returned  to  Austin,  Texas,  to  resume  practice 
as  a  mining  engineer  and  metallurgist. 

Fred  S.  Porter  has  accepted  a  position  in  the  engineering  office  of  the 
Canadian  Klondike  Mining  Co.,  Dawson,  Yukon  Territory,  Canada. 

F.  Danvers  Power  has  opened  new  offices  in  the  Perpetual  Trustee 
Chambers,  Hunter  St.,  Sydney,  N.  S.  W.,  Australia. 

H.  W.  Ross  has  accepted  the  position  of  Assistant  Manager  of  the 
Backus  &  Johnston  Co.,  Casapalca,  Peru. 

J.  D.  Sperr  has  resigned  as  mining  engineer  of  the  Tom  Reed  Gold 
Mines  Co.,  Oatman,  Ariz. 

F.  W.  Traphagen  has  resigned  the  position  of  professor  of  metallurgy 
of  the  Colorado  School  of  Mines  to  accept  the  presidency  of  the  Colorado 
Metal  Mining  &  Reduction  Co. 

Carl  J.  Trauerman,  mining  engineer,  has  resigned  his  position  as  mill 
superintendent  of  the  August  Mining  Co.,  Landusky,  Mont.,  and  is 
inspecting  the  properties  of  the  Beaver  Creek  Mines  Co.,  Zortman,  Mont. 
After  examining  properties  in  the  Kendall,  EUiston  and  York  districts 
of  Montana  he  wUl  return  to  his  headquarters  at  Butte. 

Jesse  Merrick  Smith  and  Miss  Mabel  Amy  MacKinney  were  married 
on  June  24,  at  Tarrytown-on-the-Hudson,  N.  Y. 

Edward  Vestal  Graybeal  and  Miss  Alice  Seabury  Mathewson  were 
married  on  June  14,  at  Anaconda,  Mont. 


POSITIONS  VACANT 

Wanted,  for  a  new  smelting  company  now  being  organized  in  China: 
one  man  familiar  with  the  design  and  operation  of  a  zinc  smelter;  one 
experienced  in  the  design  and  operation  of  a  lead  smelter;  and  a  chemist 
competent  to  make  the  usual  analyses  in  connection  with  lead  and  zinc 
smelting  and  to  make  clay  analyses.  Men  with  their  wives  preferred. 
Company  will  pay  all  expenses  to  and  from  China,  medical  attendance, 
salary,  bonus  per  ton  of  zinc  or  lead  produced,  allowance  for  food,  and 
furnish  quarters.     No.  120. 

ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.)   . 

Member,  oil  geologist,  age  33  years,  technical  education,  nine  years' 
experience  with  oil  and  mining  companies,  wishes  employment  with  repu- 
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table  company  or  syndicate  exploiting  proven  oil  lands  or  searching  for 
new  districts.     First  class  references.     No.  300. 

Member,  age  30,  unmarried,  Columbia  graduate,  speaks  fair  French, 
and  writes  and  speaks  Spanish  fluently.  Mining  and  geological  experi- 
ence m  United  States,  Mexico  and  South  America.  Desires  position 
with  examining  engineers  or  exploration  company.    No.  301. 

Member,  technical  graduate  in  mining  engineering,  three  years'  ex- 
perience in  surveying,  sampling  and  undergroimd  engineering  in  metal 
mines  of  the  West,  desires  position  as  mine  surveyor,  field  engineer  or 
assistant  to  consulting  engineer.     No.  302. 

Member,  age  30,  technical  graduate,  4  years'  experience  in  tin  con- 
centration; at  present  Superintendent  of  Mills  in  largest  Bolivian  tin 
mines;  executive  ability;  seeks  change,  preferably  with  American  com- 
pany interested  in  locating  or  investigating  in  South  America.  Fluent 
Spanish.     No.  303. 

Open  for  engagement.  Master  Mechanic.  A  man  experienced  in 
smelter  construction  and  operation.  Lead  and  copper  especially.  18 
years  as  M.  M.  in  British  Columbia  and  Mexico.  Relia^ble,  efficient, 
with  good  record.     Best  of  reference.     No.  304. 

Engineer,  42  years  old,  married,  experienced  in  cyanidation,  concen- 
tration and  construction  of  plants,  desires  position  as  operator  or  construc- 
tion engineer  or  in  plant  designing.  Speaks  Spanish  and  some  German. 
No.  305. 

Mining  engineer  with  6  years'  operating  experience  in  Colorado  and 
Arizona  desires  position  with  substantial  company.  Employed  at  pres- 
ent.   Age,  30.     Married.     References.    No.  306. 

Member,  technical  graduate,  who  has  specialized  in  the  treatment  of 
gold  and  silver  ores,  desires  position  as  mill  superintendent  or  foreman; 
7  years'  practical  experience.  Highest  references  as  to  character  and 
ability  to  get  results.    No.  307. 

Member  with  broad  general  business  experience.  Past  5  years  presi- 
dent and  general  manager  of  active  developing  and  producing  oil  com- 
pany in  California.  Open  for  engagement  in  California  preferred. 
No.  308. 

Member,  technical  metallurgical  graduate.  5  years'  experience  in 
various  mining  operations.  MiU  and  laboratory  work  including  concen- 
trating, cyaniding  and  flotation.  Desires  position  in  flotation  work. 
Age,  30.    Married.    No.  309. 

Member,  aged  30,  technical  graduate  in  mining  and  metallurgy.  At 
present  employed  as  assistant  superintendent  of  concentrator  and  flota- 
tion plant.  Also  had  practical  and  engineering  mining  experience. 
I>e8ires  change.     No.  310. 

Member,  aged  26,  graduate  in  mining  and  metallurgy,  2  years'  experi- 
ence with  engineering  work  of  lead  and  copper  smelters,  good  draftsman; 
desn^  permanent  connection  with  engineering  or  operating  department 
of  smelter.  Excellent  references.  At  present  employed,  but  available 
at  short  notice.    No,  311. 
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LIBRARY 

American  Institute  op  Electrical  Enginebrs 
American  Society  of  Mechanical  Engineers 
American  Institute  op  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  p.m.  on  all  week-days,  except  holidays,  from  Sept.  1  to  June  30,  and 
from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodical  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspond- 
ence; letters  requesting  information  will  receive  special  attention.  The 
Library  is  prepared  to  furnish  references  and  copies  of  articles  on  mining 
and  metallurgical  subjects;  to  determine  the  existence  of  mining  maps, 
and  to  furnish  general  information  as  to  the  geology  and  mineral  resources 
of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 

Apparatus  for  Making  Photographic  Reproductions 

The  United  Engineering  Society  has  installed  a  photographic  dupli- 
cating machine  for  the  reproduction  of  pages  from  books  and  periodicals, 
maps  and  charts  in  the  Library  of  the  Engineering  Societies,  and  it  is  now 
in  operation.  Orders  may  be  sent  to  the  Library  of  the  Engineering 
Societies,  29  West  39th  Street,  New  York. 

The  process  produces  a  photograph  (white  on  black)  direct  on  bromide 
paper,  and  from  this  negative  print  a  positive  may  be  made  by  re-photo- 
graphing. The  charge  for  a  print  11  by  14  in.,  which  may  cover  two 
pages  of  an  octavo  volme  that  face  each  other,  is  25  cents  for  a  negative 
print  and  50  cents  for  a  positive  print.  Enlargements  and  reductions 
to  11  by  14  in.  are  easily  made.  The  process  has  the  advantages  of  accu- 
racy and  cheapness. 
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LiBRART  Accessions 

Partial  List  Classified  by  Subjects 
Mining  and  Metallurgy 

Bt-phoducts  Recovbred  in  the  Manxtfagtube  of  Coke.     By  W.  H.  Childs. 

n.p.y  1916.     (Gift  of  D.  D.  Berolzheimer.) 
Coal  Distillation,   Gasification  and  By-products.     By  J.   E.   Christopher 

WiGAN,  1916. 
The  Analysis  of  Permissiblb  Explosives.     Bull.  96,  U.  S.  Bureau  of  Mines. 

Washingtozi.  1916. 
Sand  Test  for  Determining  the  Strength  op  Detonators.     Tech.  Paper  No.  125, 

U.  S.  Bureau  of  Mines.    Washing^n,  1916. 
Abstracts  of  Current  Decisions  on  Mines  and  Mining,  Reported  from  October 

TO  December,  1915.     Bull.  No.  118,  U.  S.  Bureau  of  Mines.    Washington,  1916. 
Effects  of  Atmospheres  Deficient  in  Oxygen  on  Small  Animals  and  on  Men. 

Tech.  Paper  No.  122.  U.  S.  Bureau  of  Mines.    Washington,  1915. 
Miners'  Nystagmus.     Bull.  No.  93,  U.  S.  Bureau  of  Mines,  Washington,  1916. 
List  of  Books  Relating  to  the  Iron  and  Steel  Industry.     Contained  in  the 

Drincipal  libraries  in  the  West  of  Scotland,  Glasgow,  1916.     (Gift  of  West  of  Scot- 
land Iron  and  Steel  Institute.) 

Geology  and  Mineral  Resources 

Review  of  Principles  of  Oil  and  Gas  Production.     Compiled  by  Roswell 
H.  Johnson  and  L.  G.  Huntley.     John  Wiley  &  Sons,  Inc.,  New  York,  1916. 
Price  $3.75.     Gift  of  publishers. 

[A  book  on  oil  by  the  two  distinguished  authors  of  this  volume  is  sure  to  arouse 
great  interest  among  members  of  the  Institute  who  are  familiar  with  the  writings  of 
these  same  authors  in  our  publications.  To  such  it  is  not  necessary  for  us  to  say  any- 
thing as  to  the  accuracy,  care,  and  thoroughness  of  the  work,  and  we  commend  the 
volume  to  all.  It  is  well  and  appropriately  illustrated  by  geological  sketches,  draw- 
ings, curves,  photographs,  and  so  forth,  and  it  covers  the  following  subjects: 

Varieties  of  Oil  and  Gas,  The  Origin  of  Oil  and  Gas,  Distribution  of  the  Oil  and 
Gas, Reservoirs  of  Oil  and  Gas,  Accumulation  of  Oil  and  Gas,  Pressure  in  Oil  and  Gas 
Reservoirs,  Origin  of  the  Shape  of  the  Reservoir,  Classification  of  the  Attitude  of 
Geologic  Surfaces,  Effect  of  the  Different  Attitudes  upon  Accumulation,  Locating  Oil 
and  Gas  Wells,  Oil  and  Gas  Lands,  Drilling  for  Oil  and  Gas,  Bringing  in  a  Well,  The 
Management  of  Oil  Wells,  Completing  the  Extraction  of  the  Oil,  The  Management 


Oil  Market  and  the  Future  Supply.] 


Deposits  op  the  Useful  Minerals  and  Rocks,  Their  Origin,  Form  and  Content. 
By  F.  Beyschlag  and  others.     Vol.  II,  London,  1916. 

Oil  and  Gas  Map  of  Southwestern  Pennsylvania,  1915.     Harrisburg,  1916. 

The  Caddo  Oil  and  Gas  Field,  Louisiana  and  Texas.  Bull.  No.  619,  U.  S. 
Geologic^  Survey.     Washington,  1916. 

Petroleum  and  Natural  Gas  Prospects  at  Roma.  Publication  247,  Queensland 
Geological  Survey.     Brisbane,  1915. 

Tungsten  and  Molybdenum.  Part  I-II.  (Tasmania.  Geological  Survey  Mineral 
Resources,  No.  1.)     Tasmania,  1916. 

The  Wolfram,  Molybdenite  and  Bismuth  Mines  of  Bampord.  North  Queens- 
land.    Publication  248,  Queensland  Geological  Survey.     Brisbane,  1915. 

Feldspars  of  the  New  England  and  North  Appalachian  States.  Bull.  No.  92, 
U.  S.  Bureau  of  Mines.     Washington,  1916. 

Zinc-lead  Sulphide  Deposits  op  the  Read-Rosebbry  District  Pt.  II. — Rosebery 
group  with  maps.     BuU.  No.  23,  Tasmania  Geological  Survey.     Tasmania,  1915. 

Atlantic  Gold  District  and  the  North  Laramie  Mountains,  Fremont,  Con- 
verse, AND  Albany  Counties,  Wyoming.  Bull.  No.  626,  U.  S.  Geological 
Survey.     Washington,  1916. 

Geology  and  Coal  Resources  of  Castle  Valley  in  Carbon,  Emery,  and  Sevier 
Counties,  Utah.     Bull.  628,  U.  S.  Geological  Survey.     Washington,  1916. 
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Geology  and  Mineral  Resources  of  the  Southern  Coal  Field.    Part  I — South 

Costal  Portion.^    With  Maps  and  Sections.     New  South  Wales.     Memoirs  of 

the  Geological  Survey.     Geology  No.  7.    Sydney,  1915. 
Geology  and  Ore  Deposits  of  Rossland,  British  Columbia.     Memoir  No.  77. 

Canada  Dept.  of  Mines.     Ottawa,  1915. 
Geology  of  Field  Map-area,  B.  C.  Ain>  Alberta.     Memoir  No.  55,  Canada  Dept. 

of  Mines.     Ottawa,  1914. 

General 

Civil  Engineers'  Cost  Book.    Ed.  2.     By  T.  E.  Coleman.    London,  1916. 

Directory  of  the  Iron  and  Steel  Works  of  the  United  States  and  Canada, 
1916.     18th  Ed.     New  York,  1916. 

Land  and  Marine  Diesel  Engines.  By  Giorgio  Supino.  Translated  by  A.  G. 
Bremner  and  James  Richardson.    London,  1915. 

The  Diesel  Engine  in  Practice.  By  J.  E.  Megson  and  H.  S.  Jones.  San  Fran- 
cisco, 1916. 

Gift  of  Hill  Publishing  Company 

A  good  collection  of  29  text  books. 

Trade  Catalogs 

E.  I.  DnPoNT  DE  Nemours  &  Co.     Wilmington,  Del.     DuPont  Products  (A-430). 

April,  1916. 
Sullivan    Machinery   Co.,    Chicago,    lU.     Bull.    TO-C.     The   Sullivan   "Dr-6" 

mounted  water  hammer  drill.     May,  1916. 
Sparta  Iron  Works  Co.,  Sparta,  Wis.     Sludge  Bucket.     June,  1916. 
Stephens-Adamson  Mfg.  Co.,  Aurora,  111.    Labor  Saver.     June,  1916. 
Texas  Co.,  Houston  &  New  York.     About  Texaco  crater  compound,  1916. 

Exposition  of  Chemical  Industries 

That  the  chemical  industries  are  alive  to  the  situation  that  they  now 
oocupy  in  the  sum  of  affairs  is  evident  in  the  preparations  being  made  by 
many  firms  for  the  Second  National  Exposition  of  Chemical  Industries 
to  be  held  at  the  Grand  Central  Palace,  New  York  City,  during  the  week 
of  September  25-30, 1916.  The  list  of  exhibitors  indicates  that  the  Exposi- 
tion is  already  twice  the  size  of  its  successful  predecessor. 

The  American  Chemical  Society  will  hold  its  annual  meeting  during 
the  whole  week,  the  American  Electrochemical  Society  has  arranged  to 
hold  its  meetings  on  September  28,  29  and  30,  and  the  Technical  A^K>cia- 
tion  of  the  American  Pulp  and  Paper  Industry  is  also  planning  to  meet 
during  the  week. 

The  Bureau  of  Commercial  Economics  at  Washington  is  again  co- 
operating with  the  Exposition  by  arranging  an  elaborate  program  of 
motion  pictures  covering  subjects  dealing  with  the  industries  depending 
on  chemistry.  Many  of  these  films  will  have  their  first  showing  at  the 
Exposition.  They  will  take  the  visitor  through  industrial  plants,  shopKS, 
manufactories,  mines,  etc.,  where  visitors  are  never  admitted;  they  will 
show  operations  that  in  ordinary  light  would  never  be  seen;  they  will 
demonstrate  more  than  any  other  kind  of  motion  picture  the  great  strides 
and  improvement  in  the  art  of  photography. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  June  10,  1916,  to  July  10,  1916: 

Adams,  Wiluam  S.,  Filtration  Engr.,  Anaconda  Copper  Min.  Co., 

701  Chemr,  Anaconda,  Mont. 

Allet,  Jambs  £.,  Shift-boss 6elmont   Milling  do.,   Tonopan,   Nev. 

Badglet,  Charles  WsLLmo,  Research  Chemist,  £1  Paso  Smelting  Works. 

El  Faso,  Tex. 
BallbnbkrOi  Adolf  G.,  Engr.,  Porcupine  Exploration  Co.,  Ontonagon  Co..  Mich. 

Babker,  Ralph  Feiner,  Met Garfield  Smelt.  Co.,  Garfiela,  Utah. 

Blossom,  Edward  Ludlam,  Staff  of  Research  Corpn.,  63  Wall  St.,  New  York,  N.  Y. 
Bboughton,  Eugene  Harding,  Experimental  Engr.,  Copper  Queen  Cons.  Min.  Co., 

Bisbee,  Ariz. 
BuBFORD,  Samuel  W.,  Genl.  Mgr.,  Cleveland  Mining  Co., 

223  West  Third  St.,  Joplin,  Mo. 
BiTiTERFiELD,  Georgb  Bruge,  Inspector,  The  Associated  Companies, 

First  National  Bank  Bldg.,  Pittsburgh,  Pa. 
Cahill,  Edward  Gustay,  Contracting  Engr.,  460  Montgomery  St., 

San  Francisco,  Cal. 

Daulton,  Theodore  M 208  New  York  Bldg.,  Seattle,  Wash. 

Dbane,  Elbridge  Gerrt,  Min.  Engr Miami  Copper  Co.,  Miami,  Ariz. 

Duncan,  L.  Grant,  Met.  Engr Mineral  Pomt  Zinc  Co.,  Depue,  111. 

EisELE,  George  J.,  Asst.  Genl.  Supt.,  Oliver  Iron  Mining  Co.,  Iron  Mountain^  Mich. 

Fltnn,  John  G Mining,  Miami  Copper  Co.,  Miami,  Ariz. 

Fbench,  R.  W.,  Met Goldfield  Cons.   Mines  Co.,  Goldfield,  Nev. 

Fbeud,  Benjamin  Ball,  Teacher,  Associate  Prof,  of  Chemistry, 

Armour  Institute  of  Technology,  Chicago^  III. 
Gablock,  Guy  M.,  Fuel  Dept.,  Prime  Western  Spelter  Co.,  Box  83,  lola,  ICans. 

Geohegan,  Leslie  E Asst.  to  Prest.,  Gulf  States  Steel  Co.,  Birmingham,  Ala. 

Goodale,  F.  a.,  Supt.  and  Agent,  You  Bet  Mining  Co., 

P.  O.  Box.  290,  Dutch  Flat,  Cal. 
Handt,  Royal  Sheppart,  Mill  Supt.,  Bunker  Hill  A  Sullivan  M.  &  C.  Co.. 

Kellogg,  Idaho. 
Harding,  Philip  Orr,  Engr.,  Designing  Draftsman,  Braden  Copper  Co.. 

Rancagua,  Cnile,  S.  Amer. 
Henslet,  James  H.  Jr.,  Min.  Engr..  Miami  Copper  Co.,  Box  100,  Miami,  Ariz. 
Hebshby,  Oscar  H.,  Min.  Geol.,  Burcn,  Caetani  &  Hershey, 

bunker  Hill  &  Sullivan  M.  &  C.  Co.,  Kellogg,  Idaho. 
Hoffmann,  Robert  Bernard,  Chief  of  Service  Dept.,  Mineral  Point  Zinc  Co., 

Depue,  111. 

Hull,  Monroe  Richmond Chief  Engr.,  Arizona  Copper  Co.,  Clifton,  Ariz. 

Jones,  J.  Claude,  Prof,  of  Geol University  of  Nevada,  Reno,  Nev. 

Kelset,  W.  M.,  Genl/  Supt Mineral  Point  Zinc  Co.,  Depue,  111. 

liiDDELL,  Donald  M.,  Cons.  Met.  Engr..  Merrill,  Lynch  &  Co., 

7  Wall  St.,  New  York,  N.  Y. 
LuNT,  Charles  Frederick,  Draftsman,  Braden  Copper  Co.,  Rancagua,  Chile, 

S.  Amer. 


X  248,  RoUa,  Mo. 
&  Smelt.  Co,. 
Box  657,  Globe,  Ariz. 
Moore,  George  Pierson,  Engr.,  The  Henry  Souther  Engrg.  Co., 

11  Leturel  St..  Hartford,  Conn. 

Read,  Norman  Hatfield,  Min.  Geol Manchester,  Mass. 

Robbinb,  O.  D.,  Met.  Engr.,  Chief  of  Ore  and  Testing  Dept.,  Mineral  Point  Zinc  Co., 

Depue,  111. 
Scott,  David  Burnet,  Min.  Engr.,  Efficiency  Engr.,  Miami  Copper  Co., 

Box  100,  Miami,  Ariz. 
Scott,  J.  Ralph,  Mine  Engr.,  Dome  Mines  Co.,  Ltd., 

Lock  Box  505,  So.  Porcupine,  Ont.,  Canada. 
Smitb,  W.  R.,  Supt. Mineral  Point  Zinc  Co.,  Mineral  Point,  Wis. 
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Stat,  Theron  D.,  Aaat.  Research  Met.,  Aluminum  Castings  Co., 

2077  East  88th  St.,  Cleveland,  0. 
Steidle,  Edward,  Technical  Asst.  to  Chief  Min.  Engr.,  U.  S.  Bureau  of  Mines, 

Washington,  D  C. 
Stockbtt,  Norman  Aylb worth,  Min.  Engr.,  Mgr.,  Paragon  Cons.  Min.  Co., 

Paragon,  Idaho. 
Strachan.  Charles  B.,  Mill  Supt.,  American  Zinc  Co.  of  Tennessee,  Mascot,  Tenn. 
Straub,  Charles  Edward,  Cons.  Oil  Ceol.  &  Engr., 

211-12  Lynch  Bldg.,  Tulsa,  Okla. 
Stroup,  Thomas  A.,  Mech.  and  Met.  Engr.^  Tennessee  Copper  Co.,  Copperhill,  Tenn. 
Todd,  W.  Parsons,  Vice-Prest.,  Quincy  Mm.  Co.^  32  Broadway.  New  York,  N.  Y. 
Watson,  Hugh  C,  Min.  Engr.,  Genl.  Supt.,  Wisconsin  Zinc  Co.,  Platteville,  Wis. 
Ward,  Arthur  Thomas,  Experimental  Engr.,  Braden  Copper  Co.,  SeweU, 

via  Kancagua,  Chile,  S.  Amer. 
Weintz,  Louis  John,  MiU  Supt.,  The  New  Jersey  Zinc  Co., 

Ogdensburg,  Sussex  Co.,  N.  J. 
White,  Henrt  Arthur,  Cons.  Met.,  Geduld  Prop.  Mines,  Ltd.,  Box  41, 

Springs,  Transvaal,  S.  Africa. 
Woodward,  Truman  Stephen,  Chief  Chemist,  Ohio  Works,  Carnegie  Steel  Co., 

R.  2.  Youngstown,  0. 
Yerxa,  R.  B.,  Asst.  Supt.  of  Concentrator,  Miami  Copper  Co., 

P.  O.  Box  100,  Miami,  Ariz. 
Young,  Earl  Burdett,  Asst.  in  Geol.  Dept.,  Anaconda  Copper  Min.  Co., 

526  Hennessy  Bldg.,  Butte,  Mont. 

Associate  Members 

Cajander,  a.  W.,  Draftsman,  Braden  Copper  Co.,  Rancagua,  Chile,  S.  Amer. 
Rives,  Henrt  Macon,  Secy,  and  Treas.,  Nevada  Mine  Operators  Assn., 

210-211  Reno  National  Bank  Bldg.,  Reno,  Nev. 
Robinson,  Charles  H.,  Iron  Mining,  Pettit  &  Robinson  Lands, 

826  First  National  Soo  Line  Bldg.,  Minneapolis,  Minn. 

Junior  Members 

Bertbier,  Ulysses  Henry,  Asst.  in  Testing  Dept.,  International  Smelt.  Co., 

Box  115,  Tooele,  Utah. 

Birkett,   Howard,   Student Columbia  University,    New   York,   N.  Y. 

Blaurock,  Carl  Albert,  Gold  and  Silver  Refiner,  2530  W.  37th  Ave.,  Denver,  Colo. 
Chatin,  August  H.,  Laborer,  Engr.  of  Mines,  Anaconda  Copper  Co., 

316H  W.  Copper  St.,  Butte,  Mont. 

Corby,  Harry  Gilbert,  Student 1138  S.  Maple  St.,  Carthage,  Mo. 

Craiq,  John  J.,   Min.  Engr..   Northwestern  Improvement  Co.,   Brainerd.  Minn. 

Ehlers,  Louis  Wilmer,  Student Missouri  School  of  Mines,  Rolla,  Mo. 

Erdopy,  Maxwell  Emory,  Student Columbia  University.  New  York,  N.  Y. 

Ferguson,  Kenneth  Sears,  Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Floss,  Fritz  Carl,  Student MHwaukie,  Ore. 

Hofius,    Max   T.,   Student Colorado   School  of   Mines,   Golden,  Colo. 

Hu,   Shih-hung,   Student P.   O.   Box  732,   Golden,   Colo. 

Klein,  Karl  F.,  Min.  Engr.,  Morococha  Minine  Co.,  Morococha,  Peru,  S.  Amer. 

Pierce,    Colwell  Arba,   Student 3417    Virginia  Ave.,    Kansas   City,   Mo. 

Schmidt,  Robert  Droeoe,  Student 1509  Alameda  Ave.,  Lakewood,  0. 

Stotz,  Norman  I.,  Student Lehigh  University,  S.  Bethlehem,  Pa. 

Sutton,  Harry  Allen,  Senior  Student,  Oregon  Agricultural  College,  Corvallis,  Ore. 
Wiebelt,  Frank  J.,  Min.  Engr.,  Laborer,  Anaconda  Copper  Co., 

217  Colorado  St.,  Butte,  Mont. 

Total  Membership,  July  10,  1916 6,612 

Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.     On  the  other  hand,  it  is  not  desirable  that 
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SrsoDS  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified, 
embers  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glancing 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Membership, 
or  the  Secretary  of  the  Institute^  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  bst  given. 

Members 

The  following  persons  have  been  proposed  during  the  period  June  10, 
1916  to  July  10,  1916,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential  com- 
munications, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

Robert  Sexton  Allen,  Globe,  Ariz. 

Proposed  by  Rudolf  GahL  Guy  H.  Ruggles,  C.  E.  Arnold,  W.  B.  Cramer. 

Bom  1889,  New  Haven,  Conn.  1896-1906,  Grade  and  High  School,  Kansas  City, 
Mo.  1906-09,  Missouri  School  of  Mines.  1909-12.  Lab.  Work  and  Control  Chem., 
Nev.  Cons.  Copper  Co.  1912-13,  Slag  Chemist,  Ola  Dominion  Copper  Co.  1913-14, 
Chem.  and  Asst.  Engr.,  Superior  &  Boston  Copper  Co.  1914-16,  or.  Control  Chem., 
Nev.  Coos.  Copper  Co. 

Present  position:  Chief  Chem.  of  Concentrator,  Inspiration  Cons.  Copper  Co. 

Frederick  Eurith  Beasley.  Tacoma,  Wash. 

Proposed  by  Willard  V.  Morse,  Roger  E.  Chase,  Brent  N.  Rickard. 

Bom  1882,  Peoria,  111.  1891-1901,  Elementary  and  High  School,  Peoria,  111. 
1901-04,  Mech.  Eng^g.,  Univ.  of  Illinois,  Urbana,  ID.  1902,  Experimental  Dept., 
Acme  Harvest  Machine  Co.,  Peoria,  HI.  1903^  Civil  Energ.  Dept.,  Toledo,  Peoria  A 
Western  R.  R.  1904-05,  Asst.  Engr.,  Canadian  Min.  &  Smelt.  Co.,  Chem.  Dept., 
Trail  Smelter,  Trail,  B.  C.  1905-lo,  Representative  Engr.,  Tacoma  Smelter  for 
Trail  Smelter  shipments.  1910-12,  Asst.  Representative,  TreadweH  Min.  Co., 
Tacoma,  Wash.  1914,  Asst.  Representative,  Kennicott  Min.  Co.,  Tacoma, 
Wash.    191^13,  Asst.  to  A.  McCuUough,  Met..  Tacoma,  Wash. 

Present  position:  Resident  Engr.,  Consolidated  Min.  &  Smelt.  Co.,  Tacoma, 
WasL 

Howard  A.  Beck,  Aurora,  Nev. 

Proposed  by  W.  M.  Dake,  Jr.,  R.  A.  Hardy,  F.  A.  Downes. 

Bom  1892,  New  York,  N.  Y.  Grammar  and  High  School,  New  York  City  and 
Denver.  1912-13,  Mine  Foreman,  Leadville  Mines  Co.,  Lead,  Mo.  1913-14,  Night 
Foreman,  St.  Kevin  Min.  Co.,  Lead,  Mo.  1915,  Aurora  Cons.  Mine  and  Mill. 
1915,  Shift  Foreman.  Golden  Boulder  Co.,  Fairview,  Nev.  1915  to  date,  Filterman, 
Tank  man.  Tube  mill  man,  Aurora  Cons.  Mines  Co. 

Present  position :  Shift  Foreman,  Aurora  Cons.  Mines  Co.  Mill. 

P.  McDonald  BiddlsonyColumbus,  O. 

Proposed  by  Samuel  S.  Wyer,  Harry  C.  Reeser,  Daniel  M.  Armstead. 

Bom  1884,  Lane,  Kan.  1904.  Kansas  State  Agricultural  College,  B.  Sc.  in  Elec. 
^Qgrg.  1904,  Draftsman  and  Electrician.  Cement  Plant  Const.,  Hunt  Engrg.  Co., 
lola,  Kansas.  1905,  Sta.  Engr.,  lola  Portland  Cement  Co.,  lola,  Kans.  1905,  Elec- 
trician, Zeigler  Goal  Co.,  Zeigler,  111.  1905,  Draftsman.  1905-06,  Chief  Engr.,  Logan 
Nat.  Gas  &  Fuel  Co.,  Columbus,  O.  1906,  Sales  Engr.,  Hope  Engrg.  &  Supply  Co., 
Joplin,  Mo.  1907,  Asst.  Chief  Eogr^  Kansas  Nat.  Gas  Co.,  Independence,  Kans. 
1908,  Const.  Engr.,  Corcorai^  Cons.  Co.,  Huntington,  W.  Va.  1909,  Const.  Engr., 
Columbia  Gas  A  Electric  Co.,  Kenova,  W.  Va.  1910,  Mech.  Ener.,  Ohio  Fuel  Supply 
Co.,  Homer,  O.  1911,  Mech.  Engr.,  The  Texas  Co.,  Port  Arthur,  Tex.  1912-16, 
Const.  Engr.,  The  Ohio  Fuel  Supply  Co.,  Columbus.  O. 

Present  position:  Const.  Engr.,  The  Ohio  Fuel  Supply  Co. 


xxvi  Monthly  Bulletin  No.  116,  August,  1916 

Paul  Tnunan  Boise,  Salt  Lake  City,  Utah. 

Proposed  by  Charles  P.  Brooks,  Charles  W.  Stimpson,  J.  C.  Jones. 

Bom  1888,  Lincoln,  Kans.  1904r-06,  Univ.  of  Utah.  190eM)7,  Michigan  College 
of  Mines.  1908,  Shift  Boss,  Gemini  Min.  Co^  Eureka,  Utah.  1909-10,  Supt.,  Yose- 
mite  Mines  Co.,  Bingham,  Utah.  1911-14,  Shift  Boss,  Silver  King  Coalition  Mines 
Co.,  Park  City,  Utah. 

rresent  position:  1914  to  date;  Stimpson  Equipment  Co. 

Ralph  H.  Bourne,  Chicago,  111. 

Proposed  by  G.  P.  Hulst,  Fred  P.  Clark,  R.  Ruetachi. 

Bom  1881,  Cleveland,  O.  1905,  Grad.,  Comell  Univ.,  Mech.  Engrg.  Member 
of  Amer.  Soc.  of  Mech.  En^neers.  1906,  Draftsman,  8  months,  Wellman  Seaver-Mor- 
gan  Co.     1907,  8  months,  Hoover  &  Mason,  Chicago,  111. 

Present  position:  Vice-Pres.  &  Asst.  Sales  Mgr.,  Whiting  Foundry  Equipment 
Co.,  Harvey,  IlL 

Henri  Brings,  Paris,  France.  * 

Proposed  by  E.  Gybbon  Spilsbuiy,  J.  E.  Kennedy,  P.  De  P.  Ricketts. 

Bom  1879,  Duren.     1889-97,  Grad.,  Realgymnasium,  Aix-la-Chapelle.     1898> 

1902,  Technical  High  School,  Aix-la-Chapelle.  1902,  Grad.  Min.  &  Met.  En^., 
Technical  High  School,  Aix-la-Chapelle.  1902,  Min.  Engr.  Ivory  Coast  Exploimg 
Syndicate,  Ltd.,  Salisbury  House,  London.     Exploration  work  in  fSrench  West  Africa. 

1903,  Surveving  and  exploration  work,  French  Guinea  and  Senesal  for  same  company. 
1904-07,  Chief  Engr.  and  Genl.  Mgr.,  Socidt6  des  Dragages  Auriferes  du  Tinkiflso, 
Paris,  France.    1908-10,  Chief  Engr^  Cie.  Mini^  de  TOuest  Africain,  Paris^  France. 

Present  position:  1910  to  date;  Chief  Engr.  &  Mgr.,  Cie.  Formieredes  Mmesd'Or 
d'El  Dorado,  Paris,  France. 

Percy  Bennett  Butler,  Joplin,  Mo. 

Proposed  by  A.  F.  Truex,  G.  B.  Corless,  C.  A.  Wright. 

Born  1876,  San  Francisco,  Cal.  1893,  Grad.,  Commercial  High  School,  San 
Francisco,  Cal.  1913,  Student.  International  Correspondence  School,  mining  course. 
1899,  Parral  Mill  Co.,  Parral,  Cnih.,  Mex.  1900,  Cia.  Restauradora,  Guanacevi,  Mex. 
1903,  Montezuma  Lead  Co.,  Santa  Barbara,  Chih.^  Mex.  1905.  U.  S.  Min.  Co., 
Minas  Nuevas,  Chih.,  Mex.  1907,  Veta  Colorada  Mm.  &  Smelt.  Co.,  Minas  Nuevas, 
Chih.,  Mex.     1907-12,  Operating  for  own  account  in  Parral  and  Santa  Barbara,  Mex. 

Present  position:  1914  to  date;  Mgr.  of  mines  in  Joplin  district. 

Robert  Stuart  Butler,  Joplin,  Mo. 

Proposed  by  A.  F.  Tmex,  G.  B.  Corless,  C.  A.  Wright. 

Bom  1891,  San  Francisco,  Cal.  1907,  Berkeley  High  School,  Berkeley,  Cal. 
Student,  International  Correspondence  Schools.  1910-13,  Operating  in  Santa  Bar- 
bara and  Parral,  Mex.     1914,  Supt.  of  Paragon  and  other  properties  in  Joplin  district 

Present  position:  Supt. 

Allan  B.  Calhoun,  Globe,  Ariz. 

Proposed  by  W.  fe.  Cramer,  J.  C.  Low,  E.  M.  Marshall. 

Bom  1879,  Greenock,  Scotland.  Grade  and  high  school  education  in  public 
schools,  Minneapolis,  Minn.  1905,  Grad.,  Minnesota  School  of  Mines,  E.  M.  1906- 
07,  Assayer,  Shift  boss.  Foreman.  Cornucopia  Mines  of  Oregon,  Cornucopia,  Ore. 
1908-09,  and  1911,  Engr.,  Cons.  Mm.  &  Smelt.  Co.  of  Canada,  Rossland,  B.  CT.  1912- 
13,  Supt.^  Motherlode  Sheep  Creek  Min.  Co.,  Sheep  Creek,  B.  C.  1914,  Supt.,  Arabian 
Cons.  Mmes,  Kingman,  Anz.     1905,  Supt.,  El  Rayo  Mine,  Santa  Barbara,  Mex. 

Present  position:  Efficiency  Engr.,  Old  Dominion  M.  &  S.  Co. 

Byron  H.  Carpenter,  Benton,  111. 

Proposed  by  B.  Schettler,  Frank  A.  Ray.  Oscar  Cartlidge. 

Born  1891,  Mentor,  O.  1905-09,  Willoughby  High  School,  Willoughby,  0. 
1910-14,  Ohio  State  Univ.,  Columbus,  O.,  E.  M.  1909-10,  Rodman,  Clark  &  Pike, 
Topographers  and  Land  Surveyors,  Willoughby,  0. 

Present  position:  Min.  Engr.,  The  Benton  (Joal  Co. 

Allison  Robert  Chambers,  New  Glasgow,  N.  S. 

Proposed  by  R.  E.  Chambers,  Thomas  Cantley,  J.  B.  Porter. 

Born  1879,  Halifax,  N.  S.  High  Schools,  New  Glasgow  &  Halifax.  Dalhousie 
Univ..  Chemistry.  1900-04,  McGill  Univ..  B.  S.  1896-99,  Chaining  and  Transit- 
Dan,  Nova  Scotia  Steel  Co.,  Nova  Scotia  and  Newfoundland.  1899-1900,  Civ.  Engr., 
mominion  Iron  &  Steel  Co.,  Wabana,  Newfoundland.     1904  to  date,  Min.  Engr., 
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Nova  ScoUa  Steel  &  Coal  Co.,  Ltd.,  Wabana.     Resident  Mgr.,  Wabana.     Aaat,  Mgr., 
Ore  Mines  and  Quarries,  New  Glasgow,  N.  S. 

Ftesent  position:  Asst.  Mgr.  on  Ore  Mines  and  Quarries. 

Marctt  F.  Chase,  St.  Louis,  Mo. 

Propoeed  by  George  C.  Stone,  J.  H.  Janeway^G.  S.  Brooks. 

Bom  1876,  Alton,  111.  1897,  Trinity  College,  Hartford,  Conn.,  B.  8.  1898-1900, 
Chem.,  Minend  Point  Zinc  Co.  1900-04,  Acid  Expert,  New  Jersey  Zinc  Co.  1904- 
12,  Supt.  of  Depue  Plant,  Mineral  Point  Zinc  Co.  1912-15,  Genl.  Mgr.,  Mineral 
Point  Zinc. 

Present  position:  Cons.  Engr. 

Gilbert  Bmest  Cheda,  La  Libertad,  Nicaragua. 

Proposed  by  E.  W.  Armstrong.  Charles  E.  Brinker,  S.  M.  Parker,  F.  B.  Forbes. 

Bom  1884,  San  Luis  Obispo,  Cal.  1911,  Dept.  of  Geol.  and  Min^  Stanford  Univ., 
Cal.,  A.  B.  1905-06,  Underground,  Cananea  Cons.  Copper  Co.,  Cananea,  Mexico. 
1908,  Underground,  Keystone  Mine,  Cal.  1909,  UnderKround,  Pittsburgh  Silver 
Peak  Mine.  Nev.  1911-16,  Engr.  and  Mine  Foreman,  Bstbilonia  Gold  Mines,  Ltd., 
La  libertad,  Nicaragua. 

Present  position:  Mine  Foreman,  BabUonia  Gold  Mines. 

Charles  W.  Clark,  San  Mateo.  Cal. 

Proposed  by  Horace  V.  Winchell,  Robert  E.  Tally,  W.  A.  Clark. 

Bom  1871,  Deer  Lodge,  Mont. 

Present  position:  Gem.  Mgr.,  United  Verde  Copper  Co.,  Jerome,  Ariz. 

Isaac  N.  Dally,  Seattle,  Wash. 

Proposed  by  F.  C.  Greene,  Henry  L.  Manley,  Amos  Slater. 

Bom  1872,  Webster  City,  Iowa.  1896-1901,  Private  development  work  on  metal- 
iferous  mines  in  British  Columbia.  1901-05,  Geological  and  Coal  Surveys,  British 
Columbia  and  Alberta.     1905-07,  Halls  Min.  &  Smelt.  Co.,  Nelson,  B.  C. 

Present  position:  1909  to  date;  Coal  Dept.,  Chicago,  Milwaukee  &  St.  Paul  R.  R. 

W.  Val  De  Camp.  Mayer,  Aiix. 

Proposed  by  G.  M.  Oolvocoresses,  Robert  E.  Tally,  J.  L.  White. 

Bom  1886,  Cirsco,  Iowa.  1908,  Colorado  School  of  Mines,  E.  M.  1908,  Foreman, 
Atlas  Min.  Co.,  Ouray,  Colo.  1909-13,  Supt.  and  Mgr.,  Pacific  Copper  Co.,  Crown 
King,  Ariz.  1913.  Supt.,  Haynes  Copper  Co.,  Jerome,  Ariz.  1914,  Foreman  and 
Boas,  United  Verde  Copper  CJo.,  Jerome,  Ariz.  1915-16,  Supt.,  Blue  Bell  Mine, 
Mayer,  Ariz. 

P^nt  position:  Supt.,  Blue  Bell  Mine. 

H.  DeWitt  Decker,  Anaconda,  Mont. 

Proposed  by  Charles  D.  Demond,  C.  R.  Wraith,  Enoch  A.  Barnard. 

Bom  1892,  La  Porte,  Ind.  1914,  Grad.  Wisconsin  School  of  Mines.  1915, 
3mo8.,  Machineman,  Frontier  Mining  Co..  Benton,  Wis.:  3  mos.^  Shaft  and  Machine- 
man,  Admiralty  Zinc  Co.,  Guapan,  Okla.  1916,  Washoe  Reduction  Works,  Anaconda 
Copper  Mining  Co.,  Anaconda,  Mont. 

Ptesent  position:  Testing  Dept.,  Anaconda  Copper  Mining  Co.,  Anaconda,  Mont. 

Axel  Eric,  Salt  Lake  City,  Utah. 

Proposed  by  R.  C.  Gemmell,  H.  C.  Goodrich,  D.  C.  Jackling. 

Bom  1879,  Denmark.  1897,  Grad.,  High  School.  1897-1900,  Machine  Shop 
practice.  1907,  Grad.,  Copenhagen  Univ.  of  Polytechnic,  Mecb .  Engr.  1906,  Worked 
for  Prof.  Rung,  projecting  electrification  of  State  Railroads  near  Copenhagen. 
1907-09,  Messrs.  Lossen  &  Hjorth,  London,  England,  steam  and  water  softening 
plants.  1909,  Franklin  Railway  Supply  Co.,  N.  Y.  1910,  Midvale  Steel  Co.  and 
American  Bridge  Co.,  Philadelphia.  1911,  Robins  Conveying  Belt  Co.,  N.  Y.  1912- 
15,  Designing  and  erecting  Leaching  Plant,  Chile  Exploration  Co.,  N.  Y.,  and  Chile, 
8.  A. 

Present  position:  Designing  Leaching  Plant,  Utah  Copper  Co. 

C.  L.  French,  Ely,  Nev. 

Proposed  by  J.  A.  Rule,  A.  M.  Day,  A.  B.  Young. 

Bom  1890,  Charlotte,  Mich.  1909,  College  Prep.,  Fort  Collins,  Colo.  1913, 
Cobrado  School  of  Mines^  E.  M.  1913,  Classifier  Man,  Ray  Cons.  Copper  Co., 
^yden,  Arijt.;  Cyanide  Millman  and  Assayer,  Churchill  Milling  Co.,  Wonder,  Nev. 
1914-16,  Cottrefl  Foreman,  Testing  Dept.,  Asst.  Smoke  Investigation  Dept., 
(^^iistom  Ore  Sampler,  International  Smelting  Co.,  Tooele,  Utah. 

Present  position:  Millman,  Independent  Tungsten  Co. 
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John  Crei^hton  Garvin,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  McD.  Porter,  A.  W.  Paterson. 

Bom  1840,  County  Londonderry,  Ireland.  1848-69,  Common  and  Grammar 
Schools,  1873,  Queens  prize  in  Geology  in  Manyrhafalt  National  School,  Dublin. 
1873,  Examinations  Eastern  States  Mineral  Belt,  Colombia,  S.  Amer.  1881,  6  years 
sold  and  silver  reduction  works,  Philadelphia.  1881-^7,  10  ^ears  in  Leadville; 
balance  at  Puzzler  Mine,  Boulder  Co.,  in  mining  and  metallurgical  practice.  1897 
to  date,  at  Spokane  in  profe&sional  work. 

Present  position:  Consulting  Engineer. 

Augustus  Brunner  Hardie,  Philadelphia,  Pa. 

Proposed  by  A.  W.  Hudson,  H.  H.  CoUey,  Utley  Wedge. 

Bom  1886,  Philadelphia.  Pa.  1895-1903,  Girard  College,  Philadelphia.  1903-04, 
Franklin  Institute,  Philadelphia.  1908,  Univ.  o!  Penn.  1910-12.  Univ.  of  Wiscon- 
sin. 1903-05,  Shop  practice,  etc..  Queen  &  Co.,  Inc.,  Philaaelphia.  1905-07, 
Draughtsman,  Standard  Steel  Works,  Pa.  1907-08,  Draughtsman,  General  Electric 
Co.,  Philadelphia.  1909,  Asst.  Plant  Engr.,  Stanley  G.  Glagg,  Pa.;  Die  Designer, 
Pressed  Steel  Car  Co.,  Pittsburgh.  1910-11,  Const.  Supt.,  Tennessee  Copper  Co., 
Tenn.  1912-14,  Const.  Supt.,  Braden  Copper  Co.,  Chile.  1914,  Design,  super- 
vision of  erection,  metallurgical  plants  with  iJtley  Wedge. 

Present  position:  Supt.  of  erection,  Sulphuric  Acid  Plant,  for  Utley  Wedge  at 
Calumet  &  Arizona  Copper  Co.. 

Fredrik  TOrgen  Ording  Hurum.  Pittsburgh,  Pa. 

Proposed  by  Stephen  L.  Goodale,  Robert  M.  Black,  Horatio  C.  Ray. 

Bom  1893,  Christiania,  Norway.  1911,  Examination  Artium,  Christiania. 
1911-14,  Royal  German  Inst,  of  Tech.,  Aachen.  1914,  Cand.  rer.  Met.,  Aachen, 
Germany.     1915-16,  Univ.  of  Pittsburgh.  Met.  Engrg. 

Present  position :  Met.  Engr.;  Univ.  of  Pittsburgh. 

William  Wallace  Inglis,  Scranton,  Pa. 

Proposed  by  H.  M.  Warren,  J.  M.  Humphrey,  Paul  Sterling. 

Bom  1871,  Scranton,  Pa.  High  School,  Scranton.  Pa.  Hillside  Coal  &  Iron  Co. 
Pennsylvania  Coal,  N.  Y.,  Susquehanna  &  Western  Coal  Co. 

Present  position:  Genl.  Mgr.,  Coal  Min.  Dept.,  Delaware,  Lackawanna  & 
Westem  R.  R.  Co. 

Junzo  Inouye,  Kenjiho,  Koshin,  Korea. 

Proposed  by  Kenroku  Ide,  Shinji  Harada,  Takeshi  Kawamura. 
Bom  1888,  Osaka,  Japan.     1913,  Grad.,  Min.  A  Met.  Institute,  Imperial  Univ., 
Kyoto,  Japan.     1913,  Mitsubishi  Co.,  Tokyo.  Japan. 

Present  position:  Met.  Engr.,  Iron  &  Steel  Dept.,  Mitsubishi  Co. 

Phillips  F.  Jarvis.  St.  Louis,  Mo. 

Proposed  by  Frederick  K.  Copeland,  P.  N.  Moore,  E.  J.  Rossbach,  O.  M.  Bilharz, 
H.  T.  Walsh. 

Bom  1878,  Claremont,  N.  H.  1897,  Stephens  High  School,  Claremont,  N.  H. 
1897,  Sullivan  Machinery  Co.,  Chicago  office.  Shop  practice,  sale  of  mining  machin- 
ery, metal  mines  and  quarries,  and  specializing  considerably  in  coal  mining.  Have 
been  connected  with  metal  mines  and  w&a  president,  Columbia  Zinc  Co.,  Joplin,  Mo. 

Present  position :  Mgr.,  SuUivan  Machmery  Co. 

Edward  Charles  King,  Humboldt,  Ariz. 

Proposed  by  G.  M.  Colvocoresses,  J.  N.  D.  Gray,  A.  F.  Bassett. 

Bom  1875,  Rockland.  Mich.  1880-90,  Public  School.  1893,  Bryant  <&  Stratton 
Business  College,  Bufifalo,  N.  Y.  1905,  Special  course  in  metallurgy,  Michigan 
College  of  Mines.  1890-1900,  Calumet  &  Hecla  Smelteries,  Lake  linden,  Mich.  & 
Bufifalo,  N.  Y.  1900-04,  In  charge  of  the  Casting  Dept.  and  later  Night  Supt. 
Washoe  Smeltery,  Mont.  1904-05,  Asst.  Supt..  Arizona  Smelt.  Co.  1905-07, 
Supt.  of  Smelter,  Orogrande,  N.  M.  1907-10,  Asst.  Supt.  of  Smelter,  Cananea 
Cons.  Copper  Co.,  Cananea,  Mex.  1910-13,  Met.  on  stafiT  of  southern  divisioa, 
Amer.  Smelt.  &  Ref.  Co. 

Present  position:  1914  to  date;  Supt.  of  Smelters,  Cons.  Arizona  Smelt.  Co. 

Victor  E.  Licb,  Elephant  Butte,  N.  Mex. 

Proposed  by  L.  J.  Charles,  S.  H.  Worrell,  William  B.  Phillips. 

Bom  1883,  Brenham,  Tex.  1900-02,  Academic  course.  Polytechnic  Inst,  of 
Brooklyn.  1903-07,  Min.  Engrg.,  Univ.  of  Tex.,  worked  for  W.  Waldo  and  F.  A. 
Jones  of  Houston,  Tex.,  general  engineering  practice.     1907-08,  Supt.,  Las  Machos 
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Min.  Co.,  Tude  Durango,  Mex.     1908-09,  Mine  examination,  prospecting  and  de- 
velopment of  own  property,  Chih.,  Mex.;  chem.  and  ensr.,  Soutnem   Min.   Co. 
Ocampo,  Chile.     1900-10.  £ngT.,  Candelaria  Min.  Co.,  San  Pedro,  Chih.,  Mex. 
1910  to  present,  Engr.  ana  foreman.  U.  S.  Reclamation  Service. 
Present  position :  Foreman,  U.  S.  Reclamation  Service. 

Alexander  Watts  McCoy,  Ponca  City,  Okla. 

Proposed  by  E.  De  Golyer,  R.  A.  Conkling^  Dorsey  Hager. 

Bom  1889,  Independnce,  Mo.  1912,  Umv.  of  MuBsouri,  C.  E.,  1914,  M.  A. 
1912-13.  Engrg.  Experiment  Station,  IJniv.  of  Missouri.  1914-16,  Instructor, 
Geol.,  Univ.  of  Oklahoma. 

Present  position :  Geol.,  Morland  Oil  Company. 

Richard  Sbuthgate  Mclntyre,  Namtu,  North  Shan  States,  Burma. 

Proposed  py  Andrew  C.  Lawson,  Walter  S.  Weeks,  T.  A.  Rickard. 

Bora  1896,  Pittsburgh,  Pa.  1910-12,  Preparatory  work,  College  of  the  City  of 
New  York,  New  York.  N.  Y.  1912-16,  Univ.  of  California,  B.  S.  1916-16,  Asst. 
Statistician,  U.  S.  Ceological  Survey,  San  Francisco. 

Present  position:  Asst.  Min.  Engr.,  Bowdwin  Mine,  Burma.  Corpn.,  Ltd.,  Namtu, 
North  Shan  States,  Burma. 

Charles  Mayott,  Aurora,  Nev. 

Proposed  by  W.  M.  Dake,  Jr.,  R.  A.  Hardy,  F.  A.  Downes. 

Bom  1891,  Salt  Lake  City,  Utah.  Grade  Schools,  etc.^  Salt  Lake  City.  1908-09, 
Mucker,  Red  Top  Mine,  Goldfield,  Nev.  1909-1 1.  Machine  man.  Timber  man,  Red 
Top  Mine.  1911-13,  Engrg.  Dept.,  Goldfield  Cons.  Mines  Co.,  Goldfield,  Nev. 
1913-14,  Surface  Boss,  Aurora  Cons.  Mines  Co.,  Aurora,  Nev.  1914-15,  Shift  Boss. 
Aurora  Cons.  Mines  Co.,  Aurora,  Nev. 

Present  position:  1916  to  date;  Mine  Supt.,  Aurora  Cons.  Mines  Co. 

Whitney  PUyer  Mee,  Santa  Rita,  N.  Mex. 

Proposed  by  J.  M.  Sully,  Horace  Moses,  Frank  R.  Wicks. 

Bom  1891,  Salt  Lake  City,  Utah.  1900-09,  Public  Schools,  El  Paso,  Tex.  1909- 
13  Univ.  of  Cal.,  Berkeley.  Cal.,  B.  S.  1911,  summer,  Surveying,  Mesilla  Valley,  U.  S. 
R.  S.  1912,  summer.  Mining.  Copper  Queen  Mines,  Bisbee,  Ariz.  1913-14,  Effi- 
ciency Engr.,  Oaklana  Lamp  Works,  of  General  Electric  Co.  1914,  Chem.  and  Asst. 
Engr.,  Shannon  Copper  Co.,  Gleeson,  Ariz.  1914,  Solution  man,  Simonds  and  Latham 
Cyanide  Plant,  Melones,  Cal.  1914-15,  Assayer.  A.  S.  &  R.  Co.,  smelter,  Asarco, 
Dgo.,  Mex.  1915,  Car  checker  and  jigger  boss,  Ray  Copper  Co.,  Ray,  Ariz.  1916, 
Apwyer,  Asarco,  I)go.,  Mex. 

Present  position:  1916  to  date;  Chem.,  Chino  Copper  Co. 

Wmjam  Bruce  Montgomery,  Jr.,  Cleveland,  O. 

Proposed  by  J.  A.  Ede,  Thomas  T.  Read,  William  H.  Shearman. 

Bom  1880,  Lynchburg,  Va.     1900,  Virginia  Military  Listitute,  Lexington,  Va., 

B.  8.    1909,  School  of  Mines,  Columbia  IJniv.,  E.  M.     1901-06,  Engr.,  Arlmgton 

C.  &  C.  Co.,  Arlington.  W.  Va.,  and  Gilliam  C.  &  C.  Co.,  Gilliam,  W.  Va.  Shawnee 
C.  k  C.  Co.  and  Glen  Alum  Coal  Co.,  Glen  Alum,  W.  Va.  1909-16,  Engr.,  examina- 
tion and  report,work.  The  Grasselli  Chemical  Co.,  of  Term.,  New  Market,  Tenn.  Mj?r. 
w  vear  of  operation.  Since  1915,  The  Grasselli  Chemical  Co.,  Cleveland,  O.  Prin- 
cipally examination  and  report  work,  on  zinc  propositions. 

Present  position:  Min.  Engr.,  The  Grasselli  Chemical  Co. 

Bdgar  L.  Newhouse,  Jr.,  Salt  Lake  City,  Utah. 

Proposed  by  P.  A.  Mosman,  C.  W.  Whitley,  C.  W.  Stimpson. 

Bom  1890,  Moncton,  N.  B.,  Canada.  1906-11,  Columbia  Univ.,  Min.  &  Met. 
1912-14,  Chem.,  and  Assayer,  East  Helena  Plant,  Ainerican  Smelt.  &  Ref.  Co.,  Mon- 
tana.   1914-16,  Asst.  Met.,  Garfield  Smelt.  Co.,  Utah. 

Present  position :  Mgr.,  Garfield  Chemical  &  Mfg.  Corpn. 

Chase  8.  Osborn,  Sault  Ste.  Marie,  Mich. 

Proposed  by  O.  C.  Davidson,  C.  H.  Baxter,  George  J.  Eisele. 

Bom  I860,  Hunting^n  Co.,  Ind.  LL.D.  from  several  universities.  Former 
^vemor  of  Michigan,  etc.  1883-1916,  Chairman,  Engineering  Committee  Board 
w  Regents^  Univ.  of  Mich.  Field  work  in  L^e  Superior  districts  of  Michigan,  Wis- 
^nnn,  Minnesota,  Ontario,  in  Russia,  Germany,  Sweden,  Lapland,  Africa,  Asia, 
*»adagascar  and  South  America,  Cuba,  China,  etc.,  etc. 

Present  position:  Explorer  and  Prospector. 
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Dale  L.  Pitt,  Tacoma,  Wash. 

Proposed  by  Willard  V.  Morse,  Brent  N.  Rickard.  Roger  E.  Chase. 

Bom  1884,  Salt  Lake  City,  Utah.  1899-1903,  Salt  Lake  High  School.  1903-07, 
Utah  School  of  Mines,  B.  S.  1907-09,  Asst.,  J.  W.  Wade,  M.  E.,  Salt  Lake  City. 
190^12,  Field  Supt.,  B.  F.  Tibby  Co.,  Salt  Lake  City.  1912-15,  Chief  Engr., 
Federal  Lead  Co.,  Flat  River,  Mo.     1915-16,  Min.  Eng.,  Salt  Lake  City. 

Present  position:  Min.  Eng.,  Tacoma  Smelting  Co. 

Rastus  S.  Ransom,  Jr.,  Golden,  Colo. 

Proposed  by  Charles  F.  Rand,  Harry  J.  Wolf,  W.  G.  Haldane. 

Bom  1890,  New  York.  N.  Y.  1907-09,  Columbia  Univ.,  School  of  Applied 
Science.  1910-13,  Colorado  School  of  Mines,  E.  M.  1913-14,  Assayer,  Bingham- 
New  Haven  Copper  and  Gold  Min.  Co^  Bingham,  Utah.  1914,  Leasing  and  working 
underground.  Central  City  and  Idaho  Springs  Min.  Districts,  Colo. 

Present  position:  Min.  Engr.,  Golden,  Colo. 

Charles  Henderson  Rich,  Conshohocken.  Pa. 

Proposed  by  John  W.  Logan,  R.  M.  Bird,  R.  J.  Wysor. 

Bom  1868,  Yardley,  Pa.  Common  school  followed  by  technical  training  and 
special  study.  1893-9k  Analyst,  Chemical  Laboratory,  Duquesne  Works,  Carnegie 
Steel  Co.  189&-1901,  Chem.,  Aliquippa  Steel  Co.  1901-02,  Asst.  Chem.,  Duquesne 
Works,  Carnegie  Steel  Co.  1902-12,  Chief  Chem.,  Clairton  Works,  Carnegie  Steel 
Co. 

Present  position:  1912  to  date;  Met.,  Alan  Wood  Iron  &  Steel  Co. 

Herman  F.  Schlundt.  St.  Francois,  Mo. 

Proposed  by  Waldo  H.  Comins,  Philip  H.  Pipkin,  James  A.  Caselton. 

Bom  1878,  Rahway,  N.  J.  1899-13,  Stevens  Institute  of  Technology.  1903-04; 
1905-06,  Union  Pacific  R.  R.  1906-07,  Rock  Island  Lines.  1907-09,  Taylor 
Gold  Mm.  Co.  1909-11,  Northwestem  States  Portland  Cement  Co.  1911-12,  Cia, 
Metallurgica  de  Torreon.     1912-13,  Amer.  Smelt.  &  Ref.  Co. 

Present  position:  1913  to  date;  St.  Louis  Smelt.  &  Ref.  Co. 

Bllwood  Spencer  Smith.  Humboldt,  Ariz. 

Proposed  by  G.  M.  Colvocoresses,  J.  N.  D.  Gray,  A.  F.  Bassett. 

Bora  1890,  Brooklyn,  N.  Y.  1895-1902,  Grade  Schools,  New  York,  N.  Y.  1902- 
06,  High  School,  New  York,  N.  Y.  1906-10,  U.  S.  Naval  Academy,  Annapolis. 
1911,  Post  Graduate  School,  Univ.  of  Illinois.  1912,  Clerk,  International  State 
Bank,  Trinidad,  Colo.  1914,  Millman,  Cons.  Arizona  Smelt.  Co.  1915,  Engrg.  Staff, 
Cons.  Arizona  Smelt.  Co. 

Present  position:  Asst.  to  Genl.  Mgr.,  Cons.  Arizona  Smelt.  Co. 

Frank  J.  Staral,  Jr.,  Cleveland,  O. 

Proposed  by  S.  H.  Pitkin,  Franklin  Moeller,  Joseph  Struthers. 

Bom  1878,  Akron^  O.  Akron  and  Cleveland  Grammar  Schools.  1899,  Grad., 
Cleveland  Central  High  School.  1902-05,  Case  School  of  Applied  Science.  1904, 
Grad.,  Columbia  School  of  Mines,  E.  M.  1904-06,  Surveying  Engr.,  The  Boston 
and  Montana  Cons.  Copper  and  Silver  Min.  Co.,  Butte,  Mont.,  also  experimental  work 
at  Great  Falls  Smelter.  1906-07,  Draftsman  and  Surveying  Engr.,  Cia  Real  del 
Monte  y  Pachuca,  Pachuca,  Hdg.,  Mex.     1907-13,  Cashier,  Min.  Engr.  and  Supt., 

American  Smelt.  &  Ref.  Co.,  and  allied  interests  in  Mexico.  1913-14,  Examination 
work  and  Mgr.,  The  Assets  Gold  Min.  Co.,  Jefferson  City,  Mont.  1914-16,  Gaylord 
W.  Feogo  Co.,  Cleveland,  O. 

Present  position:  Supt.,  The  Investors  Co. 

William  Carl  Strohbach,  Hayden,  Ariz. 

Proposed  by  David  D.  Moffat,  William  T.  MacDonald,  David  M.  Kay. 

Born  1891,  San  Francisco,  Cal.  1896-1904,  Public  School,  Oakland,  Cal.  1904- 
08,  Polytechnic  High  School,  Oakland,  Cal.  1909-14,  Univ.  of  Cal.,  Berkeley,  Cal., 
B.  S.  1910-14,  Summers,  underground  and  cyanide  plant,  North  Star  Mine  and  Em- 
pire Mine,  Grass  Valley,  Cal.  1915,  Attendant  at  Bureau  of  Mines  Exhibit,  P.  P.  I.  E., 
San  Francisco,  Cal. 

Present  position:  1915  to  date;  Chemist,  Ray  Cons.  Copper  Co. 

Clarke  Sullivan,  Oakland,  Cal. 

Proposed  by  H.  M.  Alley,  Robert  G.  Davies,  E.  E.  Carpenter. 
Born  1882,  Atlanta,   Ga.     1902,  Oakland  High  School.     1907,   Univ.  of  Cal., 
B.  S.    1907-11  Assayer  and  Mill  Supt.,  Progreso  Min.  Co.     1911-14,  Mill  Supt.  and 
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Genl.  Supt.,  Zopitoto  Min.  Co.     1914-15,  Const.  Supt..  Mill  work,  Arrondo  Min.  Co. 
1915.  Mifi  work,  Churchill  Mill.  Co. 

Present  position:  Mill  Supt.,  Eden  Min.  Co.,  Nicaragua,  C.  A. 

B.  L.  Talbot,  Salt  Lake  Qty,  Utah. 

Proposed  by  Alfred  Frank,  George  H.  Dern,  Ernest  Ga3rford. 
Bom  1862,  Central  City,  Colo.     Public  grade  school  also  High  School.     Daly 
West  Min.  Co.,  Park  City,  Utah.     Ontario  Silver  Min.  Co.,  Park  City,  Utah. 

Present  position:  Genl.  Supt.,  Daly  West  Min.  Co.,  also  Ontario  Silver  Min.  Co. 

Floyd  Alpine  Warren,  Sr.,  CoUinsville,  111. 

Proposea  by  Jesse  O.  Betterton,  A.  T.  March,  W.  E.  Newnam. 

Bom  1886,  Hiawatha,  Kans.  1904,  Academv,  Hiawatha,  Kans.  1910,  Highland 
Park  College,  Des  Moines,  la.  1910-15,  Shirt  Boss,  Foreman,  Supt^  Pattinson 
Pl&nt  Dept.,  Experimental  work  and  Assaying,  American  Smelt.  &  Rei.  Co.,  Omaha, 
Nebr. 

Present  position:  Supt.,  Blast  Furnace,  Roasting  Depts.  and  Newnam  Hearths, 
St.  Louis  Smelt.  &  Ref.  Co. 

Sidney  E.  Werthan,  Bisbee,  Ariz. 

Propcied  by  Gerald  Sherman,  Arthur  Notman,  H.  C.  Henrie. 

Bom  1891,  Denver,  Colo.     1910,  Public  Schools  and  High  School,  Denver,  Colo. 

1914,  Univ.  of  Denver,  B.  A.;  1915,  M.  A.     1913-14,  Instr.,  Dept.  of  Chem.,  Univ. 
of  Denver.     1915,  Research  work  on  Flour,  Great  Western  Mill.  &  Granary  Co. 

1915,  Mine  Laboratory,  Copper  Queen  Cons.  Min.  Co. 
Present  position:  (Jhemist)  Copper  Queen  Cons.  Min.  Co. 

George  Hazzard  West,  Globe,  Ariz. 

Proposed  by  William  B.  Cramer,  L.  O.  Howard,  Walter  Harris. 

Bom  1882,  Philadelphia,  Pa.  1896-1900,  Central  High  School,  Philadelphia, 
Pa.,  B.  A.  1900-04,  Univ.  of  Penn.,  Philadelphia,  Pa.,  B.  S.  1904-06,  Assayer, 
Rincon  Mines  Co.,  Congress  Junction,  Ariz.  1906-07,  Chem.,  Cons.  Arizona  Smelt. 
Co.,  Humboldt,  Ariz.     1907-11.   Chem.  and  Engr.,  Orogrande  Smelt.   Co^  Oro- 

Suide,  N.  M.     1911  to  date;  Chem.  and  Smelter  Foreman,  Old  Dominion  Copper 
in.  &  Smelt.  Co.,  Globe  Ariz. 
Present  position :  Smelter  Foreman,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

Henry  Palmer  Westcott.  Pittsburgh,  Pa. 

Proposed  by  R.  B.  Wood  worth,  Thomas  T.  Read,  William  H.  Shearman. 

Bom  1878,  Seneca  Falls,  N.  Y.  High  School  at  Seneca  Falls  and  Rochester, 
N.  Y.  Five  years,  Alden  Bateria  National  Gas  Co.,  AJden,  N.  Y.  1908  to  date; 
Metric  Metals  Works,  Erie,  Pa.  Author,  Hand  Book  of  Natural  Gas;  Measure- 
ment of  Gases  Where  Density  Changes.  Now  in  press,  Hand  Book  of  Casinghead 
Gss. 

Present  position:  Engr.,  National  Gas  Construction. 

Garrttt  S.  Wilkin,  Moscow.  Utah. 

Proposed  by  Edward  R.  Zalinski,  Earl  R.  Pembrooke,  C.  W.  Stimpson,  W.  A, 
Wilson,  Ernest  Gayford. 

Bom  1882,  New  Philadelphia,  Pa.  1895-99,  New  Philadelphia  High  School. 
1900-02,  Western  Reserve  Univ.  1904,  Miner,  Katherine  Mine,  Stockton,  Utah. 
1905,  Foot  nipper,  Bingham  and  New  Haven  Min.  Co.,  Bingham,  Utah.  1905-07, 
Sampler  and  Foreman,  Boston  Cons.,  Bingham.  Utah.  1907-09,  Supt.,  Utah  Copper 
Co.JBingham,  Utah.     1909-11,  Supt.,  Wild  Bill  Min.  Co.,  MUford,  Utah. 

Present  position:  1911  to  date;  Supt.  and  Asst.  Mgr.,  Moscow  Min.  &  Mill.  Co. 

Charles  F.  Willis,  Tucson,  Ariz. 

Proposed  by  Arthur  Notman,  Roger  T.  Pelton,  Gerald  F.  G.  Sherman. 

Bom  1885,  Boston,  Mass.  1902-06,  Mass.  Inst,  of  Tech.,  B.  S.  1906-09, 
Assayer  to  Supt.,  Enterprise  Min.  Co.,  Cooney,  N.  M.  1909-10,  Mgr.,  Pelicaij  Min. 
•  Mill.  Co.,  Lake  City,  Colo.  1910-11,  Mgr.,  Granite  State  Mica  Co.,  Alstead,  N.  H. 
1911,  Prof,  of  Min.  Engrg.  and  Director,  Arizona  State  Bureau  of  Mines,  Univ.  of 
Aniona,  Tucson,  Ariz. 

Present  position:  Director,  Arizona  State  Bureau  of  Mines. 

Harold  Edwin  Willson,  Urbana,  111. 

Proposed  by  H.  H.  Stock,  C.  M.  Young,  C.  E.  Krebs. 
-,,  Bom  1881.  Lykens.  Pa.     1900,  Grad.,  Baltimore  Citv  College.     1916,  Univ.  of 
JikB.  S.    1900-01,  U.  S.  Fidelity  and  Guaranty  Co.,  Baltimore,  Md.     1901-13. 
thainman,  rodman,  levellor,  transitman,  office  man  and  chief  engineer,  McKell  Coal 
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&  Coke  Co.,  Glen  Jean,  W.  Va,     1904-13,  Engr.,  McKell  Heire.     1905-13,  Engr., 
Nichol  Colliery  Co.     1904r-13,  Engr.,  Laura  Min.  Co. 
Present  position :  Student. 

Frank  A.  Woodward,  Cooper  Hill,  Ariz. 

Proposed  by  B.  Britton  Gottsberger,  P.  G.  Beckett,  C.  E.  Mills. 
Bom  1852,  Worcester,  Mass.     General  education  only.     1906  to  date,  Iron  Cap 
Copper  Co. 

Present  position:  Supt.,  Iron  Cap  Copper  Co. 

Herbert  Watson  Woodward,  Copper  Hill,  Ariz. 

Proposed  by  W.  B.  Cramer,  C.  Mendelsohn,  Walter  Harris. 

Bom  1883,  So.  Framineham,  Mass.  1900,  Superior,  Wis.,  Grammar  and  High 
Schools.  1900-02,  High  school,  Somerville,  Mass.  1903-06,  Tufts  College.  1906- 
08,  Surveying  mining  claims.  1908,  Assayer,  Mine  Surveyor,  Copper  Basin  Min. 
Co.  (defunct),  Nev.  1908,  Cyanide  Mill,  North  Star  Mine,  Grass  Valley,  CaL 
1909-16,  Engr.,  Iron  Cap  Copper  Co.,  Copper  Hill,  Ariz. 

Present  position:  Asst.  Supt.,  Iron  Cap  Copper  Co. 

Yeh-Tze  Yen,  Hanyang,  China. 

Proposed  by  Chin  Tao  Huang,  Cho  Yang,  C.  F.  Wang. 

Bom  1886.  Kiangsu,  China.  1901-03,  St.  John's  College,  Shanghai.  1904-07, 
Kyoto  High  School,  Japanl  1907-10,  Min.  course,  Kyoto  Univ.,  Japan.  1911-12, 
En^.,  Pinchuho  Iron  &  Coal  Co. 

Present  position:  1912  to  date;  Engr.,  Blast  Furnace  Dept.,  Hanyang  Iron  & 
Steel  Works. 

Stuart  M.  Young,  Bingham,  Utah. 

Proposed  by  A.  M.  Day,  J.  A.  Rule,  A.  B.  Young. 

Bom  1890,  Salt  Lake  City,  Utah.  1896-03,  Salt  Lake  Public  schools.  1903-07. 
Salt  Lake  High  School.  1907-11,  Univ.  of  Utah,  B.  S.  1911-12,  Chem.,  GraaseUi 
Chemical  Co.,  Park  City,  Utah. 

Present  position:  1912  to  date;  Assayer,  Min.  Dept.,  United  States  Smelt.  Co. 

Associate  Members 

William  Wright  Armstrong,  Salt  Lake  City,  Utah. 
Proposed  by  C.  W.  Stimpson,  Ernest  Gayford,  Duncan  MacVichie. 
Bom  1865,  Darlington,  Wis.     1885,  Baker  Univ.,  Baldwin,  Kans.,  B.  S.     1887, 
Univ.  of  Wisconsin,  Madison,  Wis.,  LL.  B. 

Present  position:  Pres.,  National  Copper  Bank. 

Henry  Ayman  Bomberger,  Philadelphia.  Pa. 

Proposed  by  Arthur  J.  Hoskin,  F.  W.  Smith,  J.  W,  Finch. 

Bom  1866,  PhQadelphia,  Pa.  1884.  Ursinus  College,  Pa.,  A.  B.;  1886,  A.  M. 
1900,  Vice-Prest.,  Temple  Univ.,  Philadelphia.  1905,  Prest.  &  Genl,  Mgr.,  South- 
western Dev.  Co.  1912,  Genl.  Mgr.,  Minnesota-Connor  Min.  &  Mill,  Co.  Have 
had  no  special  technical  training  in  the  schools  as  a  mining  engineer.  Have  been  a 
student  all  my  life  and  for  nearly  fifteen  years  have  made  a  special  study  of  mining 
in  all  its  branches,  about  one-third  of  which  time  has  been  spent  in  practical  field  work 
associated  with  some  of  the  leading  mining  engineers  and  mine  manaeers  of  the  coun- 
try, none  of  whom  will  know  that  I  have  ever  made  any  claims  at  all  as  an  engineer 
for  I  have  never  made  any  such  claims.  I  personally  organized  the  three  companies 
above  mentioned,  and  my  services  for  mine  reports,  etc.,  are  constantly  sought  without 
solicitation  on  my  part. 

Present  position :  Prest.  &  Genl.  Mgr.,  Mohave  Minerals  Co. 

William  Paul  Gage,  Fort  Worth,  Tex. 

^oposed  by  Samuel  S.  Wyer,  Harry  C.  Reeser,  David  T.  Day. 

Bom  1876,  Denver,  Colo.  1894,  Grad.,  Riverside  (Cal.)  High  School,  scientific 
course.  1895-96,  Finished  Sophomore  year  at  Marietta  (Ohio)  College;  Latin, 
scientific  course.  1895,  summer,  and  from  sprine,  1896  to  spring,  190^,  Eureka 
Pipe  line  Co.  and  Buckeye  Pipe  Line  Co.  in  W.  Va.  and  Ohio.  Worked  m  all  the 
pipe  line  departments  on  construction  of  lines  and  stations,  office  and  field  work  of 
all  kinds.  1903-09,  Security  Oil  Co.,  Beaumont,  Tex.;  Inventory  Clerk:  Chief 
Dispatcher;  Asst.  to  Genl.  Supt.,  Pipe  Line  Dept.  1909-16,  Vice-ftest.  and  GenL 
Supt.,  Lone  Star  Gas  Co.,  Fort  Worth,  Tex.,  active  executive  officer.  Practical  man- 
agement of  construction  and  operation  almost  500  miles  pipe  line,  supplying  about 
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30  towns  in  North  Texas  in  addition  to  development  of  the  gas  field,  installation  of 
compressor  station,  etc. 

Present  position:  First  Vice-Prest.  and  Genl.  Supt.,  Lone  Star  Gas  Co. 

Chailes  A.  Gillette,  Salt  Lake  City,  Utah. 

Proposed  by  C.  W.  Stimpson,  Ernest  Gayford,  Walker  J.  Boudwin. 
Bom  1869,  Sioux  City,  Iowa.     1891,  B.  S.,  Washington  &  Jefferson.     1893,  Law, 
University  of  Iowa. 

Present  position:  Attorney  at  Law. 

William  Jose^  Qvic^Ti  £1  Paso,  Texas. 

Proposed  by  William  D.  Gordon,  William  S.  Noyes,  W.  N.  Small. 

Bom  1872,  Carbondale,  Pa.  1896-1900,  Ibex  Mining  Co.,  Leadville,  Colo. 
1900-02.  Penn  M.  &  L.  Co.,  Leadville,  Colo.  1902-06,  Chihuahua  Min.  Co.  1906- 
12,  Genl.  Agent,  Chihuahua  Min.  Co.  and  £1  Potosi  Min.  Co.,  Chihuahua,  Mex. 

Present  position:  1912  to  date;  Genl.  Mgr.,  El  Potosi  Min.  Co.,  and  Chihuahua 
Min.  Co.  and  Director  of  both  companies. 

Henry  Denison  Randall,  Salt  Lake  City,  Utah. 

Proposed  by  C.  W.  Whitley,  Ernest  Gayford,  C.  W.  Stimpson. 

Bom  1881,  Ledyard,  Conn.  1902,  Amherst  College,  B.  S.  1902-03,  Lawyer, 
Mann  Electric  Co.  1903-08,  Westinghouse  Electric  Mfg.  Co.  1908-12,  AlUs- 
Chalmers  Mfg.  Co. 

Present  position:  1912  to  date,  Mgr.,  General  Electric  Co. 

James  B.  Walker.  Jr.,  Salt  Lake  City,  Utah. 

Proposed  by  C.  W.  Stimpson,  O.  J.  Salisbury,  Ernest  Gavford. 

Bom  1889,  Helena.  Mont.     1911,  Cornell  Univ.,  B.  L.,  Mech.  Engrg. 

Present  position:  Mgr.,  Kelly  Filter  Press  Co. 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  June  10,  1916  to  July  10,  1916. 

This  list  together  with  the  list  published  in  Bulletin  Nos.  110  to  115, 
February  to  JiJy,  1916,  and  the  foregoing  list  of  new  members,  therefore, 
supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1916  and 
brings  it  up  to  the  date  of  July  10,  1916. 

Alderson,  Victor  C,  Cons.  Engr.,  Winnemucca  Mountain  Min.  Co., 

Winnemucca,  Nev. 

Allen,  Abthxtr  P 233  College  Ave.,  Houghton,   Mich. 

Akdebson,  a.  J Care  Moose  Mountain,  Ltd.,  Sellwood,  Ont.,  Canada. 

Anderson,   Ray  B 11   Cliff  St.,   New  York,   N.   Y. 

Babs,  p.  a..  Care  Blaisdell  Coscotitlan  Syndicate,  Apartado  No.  92, 

Pachuca,  Hidalgo,  Mexico. 

Bard,  D.  C ' 660  Stuart  Bldg.,  Seattle,  Wash. 

Bassett,  Thomas  E 59  Auburn  Ave.,   Pontiac,   Mich. 

Batcheller,  J.  H.,  Care  Virginia  Lead  &  Zinc  Corpn.,  Jone's  Store  P.  O., 

Spottsylvania  Co.,  Va. 

Bennett,   A.   F 2   Rector  St^  New  York,   N.   Y. 

Binford,  C.  M J.  B.  B.  Coal  Co..  Twin  Branch,  W.  Va. 

Bradt,  Harlan  H 709  Alwortn  Bldg.,  Duluth,  Minn. 

Brandbs,  Juan  Felix 139  Whittell  Bldg.,  166  Geary  St.,  San  Francisco,  Cal. 

Bhatton,  Corey  C,  Min.  Engr .Hobart  Bldg.,  San  Francisco,  Cal. 

Brenneman,   F.   G 105  N.   George  St.,  Pottsville,  Pa. 

Brennon,  J.  C Room  868,  11  Broadway,  New  York,  N.  Y. 

Brooke,  Lionel,  ....  Care   Morococha   Mining  Co.,   Morococha,   Peru,   S.  Ainer. 

Bruntom,     Frederic    K Garfield  Smelter,   Garfield,   Utah. 

Bryan,  J.   K Care  Electrolytic  Zinc   Co.,   Colgate   P.   O.,   Baltimore,  Md. 

BuRCH,  H.  Kenyon,  Care  The  Sierra  Madre  Club,  L.  A.  Investment  Bldg., 

Los  Angeles,  Cal. 

Callaway,    L.    A 512    Pine  St.,  Anaconda,  Mont. 

Campbku^  W.  C 705   South  Main  St.,  Salt  Lake  City,  Utah. 

Carson,  A.   C 800  Bush  St^  San  Francisco,  Cal. 

Claqhorn,    D.    M Care  Morning  Hotel,  MuUan,  Idaho. 

Cook,  Paul   R Box  665,  Guayaquil,  Ecuador,  S.  Amer. 
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CooNER,  John  D 417  Wyoming  Ave.,  Scranton,  Pft. 

CoRNEussEN,  JoHANNES Santa  Marta,  Colombia,  8.  Amer. 

CoxE,  Edward  H.,  Care  United  Coal  Corpn.,  First  National  Bank  Bldg., 

Pittsburgh,  Pa. 

CuLLUM,  J.  Barlow Elaridge,  Leetsdale,  Allegheny  Co.,  Pa. 

Dewey,  F.  P 832  Vamum  St.,  N.  W.,  WaafinKton,  D.  C. 

Down,  Jambs  J Hotel  Dee,  Houghton,  Mich. 

Drummond,  T.  R. Hongkong  and  Shanghai  Bank,  Manila,  P.  I. 

Earls,  Theodore 165  Broadw'ay,  New  York,  N.  Y. 

Ellis,  Ernest  W Care  Northern  Ore  Co.,  Edwards,  St.  Lawrence  Co.,  N.  Y. 

Enzian,    Charles,    Philadelphia  and  Reading  Coal  &  Iron  Co.,  Pottsville,  Pa. 

Estabrook,  E.  L.  Geol Wisconsin   Zinc  Co.,  Platteville,  Wis. 

De  Faria,  Cicero  Coelho,  Engr.  Fiscal  das  Estradas,  Inspectoria  Fedeial  das 

Estradas,  Rua  Conde  do  Bomfim,  No.  46,  Rio  de  Janeiro,  Brazil,  S.  Amer. 

Fearing,  F.  C^  Cons.  Engr.,  Kelly,  Cooke  A  Co.,  Drexel  Bldg.,.  Philadelphia,  Pa. 

Fbarn,  Percy  LeR 52  William  St.,  New  York,  N.  Y, 

Fbldenheimer,  Roy Moberly,  Mo. 

Fischer,  Siegfried,  Jr Care  Mrs.  C.  E.  Parfet,  Golden,  Colo. 

Fisher,  Thomas  E 112  East  17th  St.,  New  York,  N.  Y. 

Fletcher,   A.   R Box  540,   Palo  Alto,  Cal. 

Foester,  H.  W Care  Lucky  Tiger  Min.  Co^  Esqueda,  Sonora,  Mexico. 

Fraser,  William  L.,  Supt..  .Oro  Grande  Mining  Co.,  Callahan,  Siskiyou  Co.,  CaL 
Gold,  Charles  B.,  Chemist  and  Assayer,  Bartlesville  Zinc  Co.,  CollinsvOle,  OUa. 
Gordon,  Robert,  Mine  Supt.,  Abangarez  Gold  Fields,  Abangarez,  Costa  Rica,  C.  A 

GoRMLY,   S.   J.,   Min.   Engr Guayacan,    Chile,   S.   Amer. 

Grieve,    Richard   P Narcozari,    Son.,    Mexico,  via  Douglas,   Ariz. 

Grunow,  William  R.,  S'g't.  Co.  '*M,"  Arizona  1st  Infantry, 

Camp  Harry  J.  Jones,  Douglas,  Ariz. 

Hall,  C.  K., 1722  West  28th  St.,  Cleveland,  0. 

Hall,   William  J Care  Federal  Min.  &  Smelt.  Co.,   Wallace,  Idaho, 

Hannahan,   M.  L 28  George  St.,  Charleston,  S.  C. 

Harder,   E.   C School  of  Mines,  Univ.  of  Minnesota,  Minneapolis,  Minn. 

Harley,  G.  Townsend,  Efficiency  Engr.,  Burro  Mountain  Copper  Co.,  Tyrone,  N.  M. 

Haseltine,  R.  S Hermosa  Beach,  Cal. 

Havlin,  T.  N 6417  Stewart  Ave.,   Chicago,  111. 

Head,  Jambs  L.,  Engr Doe  Run  Lead  Co.,   Rivermines,  Mo. 

Heller,   M.  J 120  Broadway,  New  York,  K.  Y. 

Hbrzio,  Charles  S.,  Mine  Valuer,  Consulting  Practice,  27  William  St., 

New  York.  N.  Y. 

HiLBY,  George  R Rutn,  Nev. 

HoBART,  E.  NoRRis P.  O.  Box  621,  Nogales,  Ariz. 

Housholder,  E.  Ross Care  Nevada-Arizona  Mines  Co.,  Hackberry,  Ariz. 

Igawa,Tokeo Kojiromura,  Kugagun  Yamaguchiken.  Japan. 

James,  Alfred 28  Victoria  St.,  Westminster,  London,  lAgland. 

Janbbn,  p.,  Genl.  Mgr.,  Mynbouw  Maatschappy  Siman,  Post  Ketaun,  Benkoeien, 

Sumatra.,  D.  £.  I. 

Jennings,  Robert  E.,  2d 50  Oriental  St.,  Newark.  N.  J. 

Jensen,  Joseph Box  U,  Santa  Fe,  N.  M. 

Johnson,  Guy  R.,  Jr Florence  Iron  Co.,  Florence,  Wis. 

Keep,  Glenn  A 1334  West  102d  St.,  Cleveland,  0. 

Kellogg,  L.  O.,  Supt.,  South  American  Development  Co., 

Box  655,  Guayaquil,  Ecuador,  S.  Amer. 

Kinney,  S.  P 414  Boston  Bldg.,  Salt  Lake  Cfity,  Utah. 

KuANG,  Y.  C.,. .  .Care  Sun  Quong  Hing  Co.,  Wing  Lock  St.,  HonK  Kong,  China. 

Ladoo,  Raymond  B The  Low  Moor  Iron  Co.,  Low  Moor,  Va. 

Laird,  George  A North  Yakima,  Wash. 

L AUDIO,  O.  O.,  Mgr Standard  Iron  Co.,  Deseronto,-  Ont.,  Canada. 

Lawton,  N.  O Lawton,  Mich. 

Lednum,  E.  T.,  Mgr.,  E.  I.  DuPont  de  Nemours  &  Co., 

Suite  808  Frisco  Bldg.,  Joplin,  Mo. 

L'Engle,  E.  Fleming,  Mgr Royal  Zinc  CS.,  Joplin,  Mo. 

Levis,  Alfred  C Box  678,  Golden,  Colo. 

Lewis,  Arthur  H,,  Min.  Engr G.  B.  Markle  Co..  Jeddo,  Pa. 

Little,   James  E "nie  Spanish   American   Iron   Co.,   So.  Bethlehem,  Pa. 

Loerpabel,  W.  Harrison Care  Carlota  Mine,  Cumanyaqua,  Cuba. 

Lunn,    Robert,    Jr. Jerome,   Ari«. 
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MacGbbgob,  Fbamk  S.,  Development  Dept.,  E.  I.  DuPont  de  Nemours  Co., 

452  DuPont  Bids.,  Wilmington,  Del. 
Mackst,  R.  W.,  Safety  Engr.  &  Mine  Inspector,  Homestake  Min.  Ck).,  Lead,  S.  D. 

Magee^amss  F Hold  publications. 

Mann,  William  Seward 2215  Como  Ave.,  St.  Paul,  Minn. 

Mabshall,    HoLicAN    THOMPSON American    Fork,    Utah. 

Matteson,  W.  G.,  Geol.,  Empire  Gas  &  Fuel  Co.,  Box  578.  Bartlesville.  Okla. 
Matcttmbbr,  W.  R.,  Supt.,  Crusning  &  Tailings  Disposal,  Chile  Exploration  Co., 

Chuquicamata,  Chile,  via  Antofagasta. 

Milton,  M.  C Box  716,  Tucson,  Aris. 

Mitchell^  LbRot  B Organ,  N.  M. 

MuBPHT,  E.  M 1720  E.  12th  Ave.,  Spokane,  Wash. 

MuRBAT,  Jambs  J Orogrande,  N.  M. 

Xahl,   Arthttb   C 1079    Monadnock    Bldg.,    San   Francisco,    Cal. 

NxusTAEDTBR,     H.    A Mineral,  Va. 

Nigbman,  C.  Edwin 1103  Lewisohn  St.,  Butte,  Mont. 

Oltntho,  DOS  Santos  Pires  Antonio,  8  rua  Leite  Leal,  Rio  de  Janeiro. 

BrasU,  S.  Amer. 

Ottbbbon,  George  W 728  South  Fountain  Ave.,  Springfield,  O. 

Owen,  T.  M.,  Genl.  Mill  Supt.,  Federal  Mining  &  Smelting  Co.,  Wallace,  Idaho. 

Petbbson,  Frank Hold  Publications,  P.  O.  N. 

PiCKERiNO,  J.  C,  Min.  Engr 17  Battery  Place,  New  York.  N.  Y. 

Pickett,     Gborge     B Nucla,  Colo. 

PrrMAN,  S.  M Isle  of  Springs,  Maine. 

PoBTER,  Fred  S.,  Care  Canadian-Klondike  Min.  Co.,  Dawson,  Yukon  Territory,  Can. 

PROBERT.  Frank  H Min.  Dept.,  Univ.  of  Cal.,  Berkeley,  Cal. 

Rexce,  r.  P Melcher,  Marion  Co.,  Iowa. 

Retndebs,  J.  V.  W Room  2218,  120  Broadway,  New  York,  N.  Y. 

lUsBiNB,  Hallbt  R 616  Seneca  St.,  Seattle,  Wash. 

Ross,  H.  W.,  Asst.  Mgr.,  Care  Backus  &  Johnston  Co.,  Casapalca,  Peru,  S.  Amer. 

RuEBEL,  E.  H.,  Jr. 413  W.  Monroe  St.,  Springfield,  111. 

Saxikawa,  M 260  Shirogane  Sankocho,  Shibaku.  Tokyo,  Japan. 

Sauebschnig,  Jobe Isabel  La  Cutolica  39,  Mexico  City,  Mex. 

Scbindler,  D.  F, Care  Vermont  Copper  Co.,  So.  Strafford,  Vt. 

ScoviL,  H.  H Delta  Upsilon  House,  So.  Bethlehem,  Pa. 

SiBLAFF,  G.  J 2010  Telegraph  Ave,,  Oakland,  Cal. 

SuBB,  Frank  L First  National  Bank  Bldg.,  San  Francisco,  Cal. 

SioTH,    Elwtn    L. Freeland,    Idaho    Springs,    Colo. 

Smite,  Frank  G.  D U.  S.   Metals  Ref .  Co.,  East  Chicago,  Ind. 

SiiiTB,  Lyon Apt.  2,  6226  Kimbark  Ave.,  Chicago,  111. 

Spangler,  Howard 1337  York  St.,   Denver,   Colo. 

8TAVEB,  W.  H 505  Krise  Bldg..  Lynchburg,  Va. 

Struthers,  Joseph Ill  Broadway,  New  York,  N.  Y. 

SiriTON,  Harrt  a Aumsville,  Ore. 

Tainteh,  F.  S 60  WaU  St.,  New  York,  N.  Y. 

Talcott,  M.  Gardner 31  Hewlett  St^  Waterbury,  Conn. 

Thomson,  Edward 535  Grayson  St.,  San  Antonio,  Texas. 

TrrswoRTH,    F.    S 404    Equitable    Bldg^    Denver,    Colo. 

Traubbman,  Carl  J 832  Colorado  St.,  Butte,  Mont. 

Treat,  L.  B 31  Commercial  Union  Bldg^  Montreal,  Can. 

TsAi,  HsiANG Care   Oliver   &   Co.,    Hankow,    China. 

Van  Zwaluwenbtjbg,  A.,  Chemist Nipissing  Mines,  Cobalt,  Ont.,  Canada. 

VoGEL,  Herman  H Mascot,  Tenn. 

Walters,  M.  B P.  O.  Box  647,  Rossland,  B.  C,  Canada. 

Weibbbg,  E.  B Care  Pieher  Lead  Co.,  Menryetta,  Okla. 

Wentworth,  H.  a 55  Congress  St.,  Boston,  Mass. 

WiLLUMs,  P.  T 2214  Union  St.,  Berkeley,  Cal. 

WnxLLMB,  Ralph  B Room  2202,  120  Broadway,  New  York,  N.  Y. 

Yatsbvitch,  M.  G.,  Care  Prof.  N.  T.  StepanoflF,  Chemical  Lab.,  Min.  Institute, 

Vasilieff  Ostrov.  21  Line,  Petrograd,  Russia. 

Members'  Addresses  Wanted 

Name.  Last  Address  of  Record  from  which  Mail  has  been  Returned. 

Babnbs,  Blakeslee Arrow  Engineering  Co.,  Palmyra,  Mo. 

BelLjD.  a,  S 136  McLaren  St.,  Ottawa,  Canada. 
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Blow,   J.  J 172  Rodney  St.,  Brooklyn,  N.  Y. 

Booth,  E.  L 349  W.  145th  St.,  New  York,  N.  Y. 

BoTS,  H.  R Aurora  Cons.  Min.  Co.,  Aurora,  Nev. 

Cairns,  John  M Henry  S.  King  &  Co.,  65  Comhill,  London,  E.  C,  England. 

Cole,  Robert  J McKay    Apartments,   7th  &  Pike  Sts.,  Seattle,  Wash. 

Crary,  Charles  N Kimberly,  Nev. 

Draper,  Carl  H Apartado  77,  Guadalajara,  Jal.,  Mexico. 

Foster,  George  C 18  Cadogan  Blk.,  Calgary,  Alta.,  Canada. 

GoBDiCKE.  Carl Box  535,  San  Antonio,  Tex. 

GoRDON-FiREBRAGE,   W.   E 812  Salisbury   House,  London,   E.   C,   England. 

Grant,  Ultsses  S.,  IV Westmorly  Court,  Cambndge,  Mass. 

GuNTHER,  C.  Godfrey Stratford,  Conn. 

Hanlon,     John    Edward Timmins,     Ont.,     Canada. 

Hob  ART,    Edmund    Norris Clifton,    Arii. 

Jones,  Thomas  J.,  Mine  Mgr.,  Kyshtim  Min.  Wks.,  Perm  Govt., 

via  retrograd,  Russia. 

Kellogg,  R.  M Wellington,  Lyon  Co.,  Nev. 

KisHMAN,  Maurice  W 101  Masonic  Ave.,  Cripple  Creek,  Colo. 

LeNoir,    Frank   H l>:>uglas,    Alaska. 

McGee,  John United  Greenwater  Co.,  Dale  via  Amboy,  Cal, 

Main  WARING,  H.  M.  C,  Mine  Mgr.,  Chillagoe,  Ltd.,  Chillagoe,  Queemaland,  Australia. 

Miller,  Frank  Barton Blair,  Esmeralda  Co.,  Nev. 

MoHRMAN,  E.   M 1293  W.   111th  St.,  Cleveland,  0. 

MooRB,  Redick  R Zortman,  Mont. 

O'Brien,  P.  C.  K Hotel  Essex,  684  Larkin  St.,  San  Francisco,  Cal. 

Parrish,   S.   F Battle   Mountain,   Nev. 

Patchbll,  F.  J 4516  No.  Lincoln  St.,  Chica^  III. 

Paterson,  a.  W 1814  1 1th  Ave.,  Spokane,  Wash. 

Perry,  Robert  S Kingscourt  Apts.,  36th  &  Chestnut  Sts.,  Pmla..  F&. 

Ralph,  E.  W Boston  Ely  Min.  Co^  Kimberly,  Nev. 

Redfearn,  a.  M Blold  publicaUons. 

Revell,  G.  E Box  132,  Nelson,  B.  C,  Canada. 

Reynolds,  L Apartado  25,  Guauaiuato,  Mex. 

Rhodes,   W.   B Golden,  Colo. 

Rodriquez,  J.  C Apartado,  87  SaltUlo,  Co&h.,  Mexico. 

Rogers,  B.  C,  Care  Standard  Mine,  Detroit  Copper  Min.  Co.,  Box  427, 

Metcalf,  Aris. 

Sales,  A.  J Giroux  Cons.  Mines  Co.,  Kimberly,  Nev. 

Sandifer,  H,  C Box  15,  Bis.,  Mexico  City,  Mexico. 

Smith,   A.   H Gateway,   B.   C,   Canada. 

Sparks,   J.   T 326  Erie  St.,   El  Paso,  Tex. 

Stoddart,  a.  W 638  Salisbury  House,  London,  E.  C,  England. 

Sullivan,  W.  P The  Henry  Walke  Co^  Norfolk.  Va. 

Taylor,  A.  W > Korean  Exploration  Co.,  Chiksan  Mines,  Chiksan,  Korea. 

Thomas,    Edmund Weaver    Mine,    Gibson,    N.    Mex. 

ToD,  Grant  H Care  Coast  Mfg.  &  Supply  Co.,  Livennore,  Cal. 

ToNG,  S.  K 413  W.  115th  St.,  New  York.  N.  Y. 

Van  Ness,  W.  W 622  Salisbury  House,  London,  E.  C,  England. 

Wainewright,  W.  B 61  Grace  Church  St.,  Ix>ndon,  E.  C,  EIngland. 

Ward,  Harry  J 948  Market  St.,  San  Francisco,  Cal. 

Wentworth,  I.  H 245  Beldon  Ave.,  Harlandale  Addition,  San  Antonio,  Tex. 

Wratoht,  E.  C 63  Wavertree  Road,  Streatham  Hill,  London,  S.  W.,  England. 

Yeandle,  W.  H.,  Jr.,  Care  Guilermo  Brockmann, 

2a  Capuchines,  No.  55,  Mexico  City,  Mex. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  June  10,  1916  to  July  10,  1916. 

Date  of 

Election.  Name.  Date  of  Decease. 

1888  'Gatzmer,  William   C May  2,  1916. 

•  Member. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

N0W  York 

Meets  flnt  Wedneeday  after  fint  Tttetd*y  of  each  month. 
DAVID  H.  BROWNE,  Chmirman.  PERCY  E.  BARBOUR,  Vic^-Chmirman, 

A.  D.  BEER8,  S^erttary,  55  Wall  St.,  New  York,  N.  Y. 

C.  A.  BC 


tOHN, 

BotUm 

Meets  first  Mondaj  of  each  winter  month. 
W.  E.  C.  BU8TIS,  Cfkairman.  R.  L.  AGA8SIZ,  ViM^kainnan. 

E.  E.  BUGBEE,  89er$tanfTr§a$urtr,  Meae.  Inst,  of  Teofanology,  Boston,  Mass. 
ALBERT  SAUVSaR.  H.  L.  SMYTH. 

Columbia 

Holds  four  sessions  during  year.    Annoal  meeting  in  September  or  October.   . 
8TANLT  A.  EA8TON,  Chainnan.  FREDERIC  KEFFER,  ViM-Chairmam, 

LYNDON  K.  ARMSTRONG,  A«eralary-7r«M«r«r,  P.  O.  Drawer  3154,  Spokane,  Wash. 

D.  C.  LIVINGSTON,  FRANK  A.  ROSS. 

Pugei  Sound 

Meets  second  Saturday  of  each  month.  __  __      _   . 

GLBNVILLE  A.  COLLINS.  CAairmaa.  H.  L.  MANLEY,  ViM-Vkoirman, 

AMOS  SLATER,  aeerttanhTnatwgr,  1048  Henry  Bldg.,  Seattle,  Wash.  

I.  P.  LAUCKS.  ^^  ^      -•  •  -       j^jgjj  ^  pQ,p.p 

Southern  California 

C.  COLCOCK  JONES.  Oka^sum.  ALVIN  B.  CARPENTER,  Vie»^h»trw^n. 

FREDERICK  J.  H.  MERRILL,  S«cr«tery-rrM«ur<r,  216  Union  League  Bldg.,  Los  Angeles,  Cal. 

A  B.  W.HODGES.  *--«,  ^  .  -*         -^       R.A.PEREZ. 

B.  A,  MONTGOMERY,  WILLIAM  F.  STAUNTON. 

Colorado 

h.  p.  HAMMOND.  Chairman.  F.  H.  BOSTWICK,  Vic^-^Jhabrman. 

P.  M.  MoHUGH,  8eer9iaru'Tr€a9ur§r,  812  Cooper  Bldg.,  Denrer,  Colo.  

G.  A.  KENNEDY.  »^       -•.  M.  8.  MaoCARTHY. 

Montana 

J.  L.  BRUCE,  Chairman.  W.  C.  SIDERFIN,  Fiee-CAolrsMa. 

_  ^    M.  H.  GIDEL,  SecrtlanhTreatwrgr,  1102  W.  Galena  St.,  Butte,  Mont.  ._ 

W.  T.  BURNS,  N.  B.  BRALY. 

San  Frandsco 

.  .  Meets  second  Tuesday  of  each  month. 

T.  A.  niCKARD,  Chairman.  W.  H.  SHOCKLEY,  Vie»^hatrma». 

, C.  K.  GRUNSKY,  XR.,  5Mr«tery-7rMMar<r,  57  Post  St.,  San  F^anqisco,  Cal.  .  _ 

E.  A.  BER8AM,  6.  W.  YOUNG. 

.Pennfiyloania  AnthraeUe 

R.  v.  N0RRI8,  Chairman. 

CHARLES  F.  HUBER,  Vic^-Chairman.  EDWIN  LUDLOW,  FieS'<?]kifr«Mn. 

W.  J.  RICHARDS.  VfM-CAafrmon.  ARTHUR  H.  STORRS,  Fies-CAainnaa. 

PAUL  STERLING,  8ecr§UMnHTr«a9urtr,  LeUgh  Valley  Coal  Co.,  Wilkes-Barre,  Pa. 
DOUGLAS  BUNTING,  FRANK  A.  hHZT  ALBERT  B.  JESSUP. 

RUFU8  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

8L  Louia 

C.J.  ADAML    Chairman.  HERMAN  GARLICH,    Vic^-Chairman. 

f.  W.  DaWOLF,  Vi<»-Chairman,  M.  M.  VALERIUS,  Vtee-Chairman. 

WALTER  E.  McCOURT,  Sseniary-Trtaturtr,  Washington  Unlr.,  St.  Loub,  Mo. 

A.  W.  DICKINSON.  CHARLES  T.  ORR,  ARTHUR  THACHER. 

C.  R.  FORBES,  F.  D.  RASH, 

Chicago 

CHARLES  H.  MacDOWELL,  Chairman.  LUTHER  V.  RICE,  Fies-Cftalrsiaa. 

,, HENRY  W.  NICH0U3,  S^ereiarvTr^aturer,  1645  E.  68  St.,  Chicago.  111. 

ALEXANDER  K.  HAMILTON,  HENRY  P.  HOWLAND, 

GBORQE  P.  HULST,  FREDERICK  T.  SNYDER. 

Utah 

C  W.  WHITLEY,  Chairman.  WALTER  FITCH.  7<es>C%ainNaa. 

„  _  ERNEST  GAYFORD.  Secrttaru-Trwturtr,  150  Pierpont  Are.,  Salt  Lake  City,  Utah. 

B.  R.  ZALINSKI.  WILLIAM    WRAITH. 

AriMona 

„^^.  GERALD  SHERMAN.  Chairman. 

NORMAN  CARMICHAEL,  1«  Viee^hair.  B.  BRITTON  GOTTSBERGER,  Snd  Vie^-ChaHr. 

-,  .  _  ARTHUR  NOTMAN,  atcntarv-Treaturwr,  Bisbee,  Aris. 

;.  L.  CLARK,  J.  C.  GREENWAY. 

W.  0.  McBRIDB.  FOREST  RUTHERFORD. 

Nevada 

y  W.  HUTCHINSON.  Chairman.  FRANCIS  CHURCH  LINCOLN.  Vice-Chairman. 

-,  „  HENRY  M.  RIVES,  Sfcrefary-Treaaurer.  Reno,  Nevada. 

J- H.  BLACKBURN,  E.  A.  JULIAN. 

EMMET  D.  BOYLE.  JOHN  G.  KIRCHEN, 

FREDERICK  BRADSHAW,  C.  B.  LAKENAN. 

TASKER  L.  ODDIE. 
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STANDING  COMMITTEES 


Executive 

L.  D.  RICKETTS,  Chairman, 
OBORQE  D.  BARRON,  W.  L.  SAUNDERS, 

SIDNEY  J.  JENNINGS,  BENJAMIN  B.  THAYER 


ARTHUR  S.  DWIGHT. 
LEWIS  W.  FRANCIS, 


Membership 

KARL  EILERS,  Chairman, 

Finance 


LOUIS  D.  HUNTOON. 
ARTHUR  L.  WALKER. 


GEORGE  D.  BARRON.  Chairman, 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND. 

Library 

E.  GYBBON  SPILSBURY,  Chairman,* 
KARL  EILERS.!  E.  F.  ROEBER,< 

ALEX  C.  HUMPHREYS,^  BRADLEY  STOUGHTON. 

Papers  and  PvblicatUms 

BRADLEY   STOUGHTON.    Chairman. 


■XVCDTIVB  COMMITTBB  • 


KARL  EILERS. 
JOSEPH  W.  RICHARDS. 
E.  F.  ROEBER, 


GEORGE  C.  STONE, 
SAMUEL  A.  TAYLOR. 


J.  L.  W.  BIRKINBINE, 
WILLIAM  H.  BLAUVELT, 
H.  A.  BRASSERT, 
DAVID  H.  BROWNE. 
WILLIAM  CAMPBELL, 
R.  M.  CATLIN, 
ALLAN  J.  CLARK. 
FREDERICK  G.  COTTRELL, 
NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH, 
CHARLES  H.  FULTOI^, 
F.  LYNWOOD  GARRISON, 
ROBERT  C.  GEMMELL, 
CHARLES  W.  GOODALE, 
HARRY  A.  GUESS. 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 


HEINRICH  O.  HOFMAN. 
WALTER  E.  HOPPER. 
HENRY  M.  HOWE. 
LOUIS  D.  HUNTOON. 
J.  E.  JOHNSON.  JR., 
WILLIAM  KELLY, 
JAMES  F.  KEMP. 
CHARLES  K.  LEITH. 
ANTHONY  F.  LUCAS. 
EDWARD  P.  MATHEWSON. 
HERBERT  A.  MEGRAW, 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD, 
R.  V.  NORRIS. 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS. 
R.  M.  RAYMOND. 


R03SITER  W.  RAtMOND. 
THOMAS  T.  READ. 
ROBERT  H.  RICHARDS. 
L.  D.  RICKETTS, 
HEINRICH  RIESi 
RENO  H.  SALES, 
ALBERT  SAUVEUR, 
HENRY  L.  SMYTH, 
A.  A.  STEVENSON, 
RALPH  H.  SWEETSER. 
GEORGE  D.  VAN  ARSDALE. 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL, 
FREDERICK  W.  WOOD. 
DWIGHT  E.  WOODBRIDGE. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES 

HARRY  H.  STOEK.  Chairman, 

Vice-Chairmen 

CHARLES  H.  FULTON.  FREDERICK  W.  SPERR. 

EDWIN  C.  HOLDEN.  GEORGE  J.  YOUNG, 

WALTER  R.  CRANE.  Secretary,  Peansylvania  State  CoUega.  State  College.  Fa. 


LUTHER  W.  BAHNEY, 
DARSIE  C.  BARD, 
ROBERT  H.  BRADFORD, 
SAMUEL  W.  BEYER. 
GUY  H.  COX, 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE. 
FRANK  W.  DURKEE. 


HOWARD  ECKFELDT. 
DAVID  M.  FOLSOM. 
R.  R.  GOODRICH. 
CHARLES  E.  LOCKE. 

JAMES  F.  McClelland, 

HARRY  B.  MELLER. 
WALTER  S.  MORLEY, 
HENRY  S.  MUNROE. 


CHARLES  J.  NORWOOD. 
GEORGE  S.  RAYMER, 
HEINRICH  RIES. 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON. 
F.  W.  TRAPHAGEN, 
CLINTON  M.  YOUNG. 


>  Until  Feb.,  1017.        >  Until  Feb..  1018.        >  Until  Feb..  1010.        «  Until  Feb.,  1980. 


AlfSBICAN  InSTITUTB  OF  MiNIKQ  EnQINBSBS 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ.  CAatniMm. 
PHILIP  W.  HENRY.  Firt  Vie^-Chalnitam. 


Vice-Chairmen 

LYNDON  K.  ARMSTRONG, 

F.  a.  COTTRELL, 

CHARLES  A.  BUCK, 

EDWARD  L.  DUFOURCQ, 

H.  W.  HARDINGE, 

H.  L.  HOLLIS, 

DUNCAN  MACVICHIE, 

WILLIAM  H.  SHEARMAN,  S^erttary,  55  WaU  St.,Nttw  York,  N.  Y. 


HENRY  W.  NICHOLS. 
ERSKINE  RAMSAY, 
CHARLES  F.  RAND, 
GILBERT  RIGG, 
WALTER  G.  SWART. 
RICHARD  P.  TINSLEY. 


HUNTINGTON  ADAMS, 
F.  L  ANTI8ELL. 
FRANKLIN  BACHE, 
EDWIN  G.  BANKS. 
LOUIS  V.  BENDER, 

C.  H.  BENEDICT, 
JAMES  G.  BBRRYHILL, 
ALBERT  C.  BOYLE.  JR., 

D.  H.  BRADLEY,  JR., 
VICTOR  M.  BRASCHI, 
FREDERIC  K.  BRUNTON, 
LESTER  R  BUDROW, 
MILTON  A.  CAINE, 
BDWIN  B,  CARPENTER, 
CHARLES  CATLETT, 
WILLIAM  B.  CRAMER. 
NOAH  P.  DRAKE. 

i.  A.  EDE, 

LOUIS  V.  EMANUEL, 
AUGUSTUS  H.  EUSTIS, 
WALTER  FITCH, 
WILUAM  E.  FOHL, 

E.  GAYPORD, 
M.  H.  QIDEL, 
STEPHEN  L.  GOOD  ALE. 
CARL  E.  GRUNSKY,  JR., 


GEORGE  A.  GUESS. 
BENJAMIN  M.  HALL, 
RICHARD  S.  HASELTINE, 
FRANK  R.  HEWITT. 
EDWIN  HIGGINS, 
JOSEPH  T.  HILLES, 
JOHN  HOATSON, 
ROY  J.  HOLDEN, 
TADASHIRO  INOUYE, 
YING-CHIEH  KUANG, 
K.  C.  LI, 
L  P.  UHMB, 
JOHN  J.  LINCOLN, 
DOUGLAS  C.  LIVINGSTON, 
SPENCER  R.  LOGAN, 
F.  E.  LUCAS. 
WALTER  E.  McCOURT, 
P.  M.  McHUGH, 
FREDERICK  J.  H.  MERRILL. 
ARTHUR  NOTMAN, 
HENRY  M.  PARKS, 
IRVING  PERRINE 
OLUF  G.  PETERSEN, 
F.  E.  PIERCE, 
FRANK  Db  G.  RATHBUN, 


AMBROSE  E.  RING, 
WILLIAM  W.  ROSE, 
HAZEL  L.  SCAIFE, 
WILLIAM  J.  SHARWOOD, 

Oa  F*  dHA^v  . 

JO  E.  SHERIDAN, 
ARTHUR  P.  SILLIMAN, 
AMOS  SLATER, 
SUMNER  S.  SMITH. 
JOHN  G.  SMYTH, 
RICHARD  B.  STANFORD, 
PAUL  STERLING, 
LEWIS  STOCKETT, 
ARTHUR  F.  TAGGART, 
CHARLES  H.  TAYLOR, 
BENJAMIN  F.  TILLSON, 
ARTHUR  L.  TUTTLE, 
R.  C.  WARRINER, 
WALTER  HARVEY  WEED, 
HENRY  A.  WENTWORTH, 
WILLIAM  Y.  WESTERVELT, 
HERBERT  A.  WHEELER,  ji 
EDWIN  E.  WHITE, 
C.  W.  WHITLEY, 
R.  B.  WOODWORTH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 


ARTHUR  F.  L.  BELL, 
ALBERT.  R.  LEDOUX,  E.  W.  PARKER. 

SledricUy  in  Mining  Mine  BxpUmons 

WILLIAM  KELLY.  H.  M.  CHANCE. 

THOMAS  H.  LEGGETT.  FRANK  HAAS, 

SAMUEL  A.  TAYLOR.  CARL  SCHOLZ. 


HENNEN  JENNINGS. 

L.  D.  RICKETTS. 

Mine  Svbiidenee 

JAMES  F.  KEMP, 
R.  V.  NORRI£f. 
CHARLES  K.  LEITH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 


Cojtper:  F.  L.  ANTISELL. 
Lead:  ARTHUR  8.  DWIGHT, 
Niekd:  JOHN  F.  THOMPSON. 


iiluiiMniim;  JOSEPH  W.  RICHARDS, 
Zine:  GEORGE  C.  STONE. 


COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OP  ENGINEERS 

HENRY  S.  IXRINKER.    ARTHUR  S.  DWIGHT,     D.  M.  RIORDAN.     WARREN  A.  WILBUR 

COMMITTEE  ON  ARRANGEMENTS,  ARIZONA  (113TH)  MEETING,  1916 

2I^.P7^a^  SHERMAN,  Chairman, ARTHUR  NOTMAN.  S«cr«tery. 


NORMAN  CARMICHAEL.       W.  G.  McBRIDE, 

W.  L.  CLARK,  B.  BRITTON  GOTTSBERQER, 


J.  C.  GREENWAY. 
FOREST  RUTHERFORD. 


COMMITTEE  ON  TRANSPORTATION,  ARIZONA  (113TH)  MEETING,  1916 

yALTER  DOUGLAS J7Aairman.  CLEVELAND  E.  DODGE.  Secretary. 

ARTHUR  8.  DWIGHT;  JOHN  C.  GREENWAY,  JULIUS  KRUTTSCHNITT,  JR. 

NOMINATING  COMMITTEE 

SEELEY  W.  MUDD.  Chairtnan. 

DAVID  H.  BROWNE,  H.  O.  HOFMAN, 

JAMES  GAYLEY.  FREDERICK  LAIST. 


JOHN  C.  GREENWAY. 


R.  V.  NORRI8. 
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INSTITUTE  REPRESENTATIVES 

i. 

NaioioH  Consulting  Board 

Members 
WILLIAM  L.  SAUNDERS,  BENJAMIN  B.  THAYBR. 

AMOciaU  Members 

STEPHEN  O.  ANDROS,  J.  C.  GREENWAY,  CHARLES  F.  RAND. 

E.  J.  BABCOCK.  LAFAYETTE  HANCHETT,        FRANK  D.  RASH, 
H.  R.  BATCHELLER,  H.  G.  HIXON,  R.  H.  RICHARDS. 

A.  A.  BLOW,  C.  B.  HOLLT8.  C.  8.  ROBINSON, 
PHILIP  R.  BRADLEY,                 GEORGE  P.  HULST,  WALTER  M.  SAUNDERS. 
J.  L.  BRUCE.                                   FRANK  U.  HUMBERT,               E.  A.  SAYRE, 

D.  W.  BRUNTON,  HENNEN  JENNINGS,  H.  L.  SCAIFE. 

ALLAN  J.  CLARK.  S.  W.  McCALLIE,  A.  M.  SWARTLEY, 

F.  K.  COPELAND.  A.  J.  McQUATTERS,  PRIESTLEY  TOULMIN, 

B.  F.  CRESSON,  JR.  C.  W.  MERRILL,  W.  E.  TRENT, 
ROBERT  N.  DICKMAN,  P.  N.  MOORE.  M.  M.  VALERIUS, 
M.  M.  DUNCAN,  F.  W.  ONEIL.  W.  D.  WALTMAN. 
T.  C.  DU  PONT,  WALTER  T.  PAGE,  I.  C.  WHITE, 
STANLY  A.  EASTON.  W.  H.  PEIRCE,  ELI  WHITNEY, 
W.  E.  C.  EUSTI8,  JOSEPH  H.  PRATT,  H.  V.  WINCHELL. 
J.  R.  FORDYCE,  J.  C.  RALSTON, 

United  Engineering  Society  Trusteee 

CHARLES  F.  RAND,>  W.  L.  SAUNDERS.*  BENJAMIN  B.  THAYER.* 

Engineering  FoundaHon 

R.  M.  RAYMOND.  BENJAMIN  B.  THAYBR. 

Library  Board,  United  Engineering  Society 

KARL  EILERS,*  B.  F.  RO£BER,« 

ALEX  C.  HUMPHREYS,!  E.  QYBBON  SPILSBURY,* 

•  BRADLEY  STOUGHTON. 

John  Prite  Medal  Board  of  Award 

C.  R.  C0RNINQ,4  ALBERT  8AUVEUR.* 
CHARLES  F.  RAND.*                                               E.  GYBBON  8PILSBURY.* 

Oeneral  Conference  Committee  of  Engineering  Societiee 

J.  PARKE  CHANNINQ,       BENJAMIN  B.  LAWRENCE.       BRADLEY  STOUGHTON 

American  Auodation  for  the  Advancement  of  Science 

WALDEMAR  LINDQREN,  JOSEPH  B.  TYRRELL. 

Advisory  Board  of  the  National  Conservation  Congress 

HENRY  S.  DRINKER. 

CommiUee  on  Standardization  of  Oraphical  Methods 

JUDD  STEWART. 

Committee  on  National  Reserve  Corps  cf  Engineers 

HENRY  S.  DRINKER. 

Committee  on  Mining  Law  Revision 

JAMES  R.  FINLAY,  HENNEN  JENNINGa 

D.  C.  JACKLING,  C.  F.  KELLBY, 

EDMUND  B.  KIRBY. 

Committee  on  Engineering  Education 

JOHN  HAYS  HAMMOND,  HENRY  MARION  HOWE. 

Committee  on  Adoption  of  Metric  System 

GEORGE  F.  KUNZ.  JOSEPH  W.  RICHARDS 

Committee  on  Classification  cf  Technical  Literature 

WILLIAM  P.  CUTTER. 
/.  A.  Holmes  Safety  First  AssodcUion 

HENNEN  JENNINGS. 

Pan-American  Engineering  Committee 

WALTER  H.  ALDRIDGE.  W.  H.  LEONARD, 

FREDERICK  K.  COPELAND,  P.  N.  MOORE. 

JOSEPH  W.  RICHARDS. 

Committee  on  Military  Engineering  Lectures 

J.  PARKE  CHANNING.  CHARLES  F.  RAND,  BRADLEY  STOUGHTON, 

ALEX  C.  HUMPHREYS.         WILLIAM  L.  SAUNDERS,       WILLIAM  H.  WILEY. 


>  Until  Feb.,  1017.         >  UntU  Feb..  1918.         >  Until  Feb.,  1019.         •  Until  Feb.,  1920. 
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TECHNICAL  COMMITTEES 
Iran  and  Sted 

JOSEPH  W.  RICHARDS,  Chairman, 

J.  E.  JOHNSON,  Jb.,  Vie&'Ckairman. 

ARTHUR  S.  CALLEN,  Seerttary,  463  ChMtnat  St..  So.  Bethlehem,  Pa. 

StTB-COMiaTTBES 

IRON  ORB 

DWIGHT  B.  WOODBRIDGE,  CkainMn. 
EBNEST  F.  BURCHARO,  WILLIAM  KELLY,  CHARLES  F.  RAND, 

FELIX  A.  VOGEL. 

BLAST  FURNACBS 

H.  A.  BRA8SERT,  Chairman, 
AMBROSE  N.  DIEHL, 
RICHARD  v.  MoKAY. 

STEEL  WORKS 
HENRY  D.  HIBBARD,  Chairman, 


WILLIAM  H.  BLAUVELT, 


JAMES  GAYLEY, 


GUILLLLSM  AERTSEN, 
PRANK  D.  CARNEY, 


Cm  F.  W^.  RYB, 

A.  A.  STEVENSON, 


J.  S.  UNGER, 
WILLIAM  R.  WALKER. 


ROBERT  W.  HUNT, 


JOHN  H.  HALL, 


MBOHANIOAL  TRBATMBNT 
CHARLES  A.  BUCK,  Chairman, 


GEORGE  MESTA, 


FREDERICK  W.  WOOD. 


WOVKDRY 
RICHARD  MOLDENKE,  Chairman, 

ENRIQUE  TOUCEDA. 
CHEiaSTRT,  PHYSICS,   AND  ICBTALLOQRAPHT 
HERBERT  M.  BOYLSTON,  Chairman, 


WILLIAM  CAMPBELL, 
HENRY  M.  HOWE, 


JOHN  A.  MATHEWS, 

E.  GYBBON  SPIL8BURY. 


ALBERT  SAUVEUR, 
LEONARD  WALDO, 
WILLIAM  R.  WEBSTER. 


Petroleum  and  Oaa 

ARTHUR  F.  L.  BELL,  Chairman. 
WILLIAM  N.  BEST,  Vie^Chairman,  DAVID  T.  DAY,  Viea-Chairman, 

WILLIAM  B.  PHILLIPS.  Vie9-Chairman,  MARK  L.  REQUA,  Viea-Chairman, 

LEONARD  WALDO,  Steretary,  49  WaU  St.,  New  York,  N.  Y. 


RALPH  ARNOLD. 
FREDERICK  G.  CLAPP, 
EUGENE  COSTE. 
EDWIN  T.  DUMBLE, 
JOHN  R.  EDWARDS, 


PHILIP  W.  HENRY, 
HANS  VON  HOEFER, 
ISAAC  N.  KNAPP, 
ANTHONY  F.  LUCAS. 
EZEQUIEL  ORDONEZ, 


FRANCIS  C.  PHILLIPS, 
WALTER  O.  SNELLING, 
CHESTER  W.  WASHBURNE, 
WILLIAM  L.  WATTS, 
HERBERT  A.  WHEELER, 
WILLIAM  A.  WILLIAMS. 


Coal  and  Coke 

SAMUEL  A.  TAYLOR,  Chairman. 
EDWIN  LUDLOW,  Viee-Chairman.  W.  J.  RICHARDS,  Viea-Chairman. 

FREDERICK  W.  C.  WHYTE,  Vic0-Chairman. 
WILLIAM  E.  FOHL,  Searttary,  Farmers*  Bank  Bldg.,  Pittobursh,  Pa. 


8.  B.  BELDEN, 
WILLIAM  H.  BLAUVELT, 
H.  M.  CHANCE, 
THOMAS  H.  CLAGETT, 
EU  T.  CONNER, 
JAMBS  8.  CUNNINGHAM, 
nUNK  W.  DbWOLF, 
B.  V.  D'INVILLIERS. 
W.W.DUFFIBLD, 
HOWARD  N.  EAVBNSON, 
CHARLES  BNZIAN, 
V1LUAM  A.  FORBES, 
^ttLUM  H,  GRADY. 
FRANK  HAAS, 


R.  DAWSON  HALL, 
FRANK  A.  HILL, 
FRANK  ALBERT  HILL, 
CHARLES  F.  HUBER, 
JAMES  ELLWOOD  JONES, 
CHARLES  E.  KREBS, 
GEORGE  J.  KREBS. 
A.  C.  LEISENRINQ, 
SPENCER  R.  LOGAN, 
EUGENE  McAULIFFE, 


R.  V.  NORRIS, 
CHARLES  J.  NORWOOD, 
THOMAS  H.  O'BRIEN, 
FRANK  A.  RAY, 
GEORGE  S.  RICE, 
JOHN  J.  RUTI^DGE, 
CARL  SCHOLZ, 
JOHN  ROY  SHARP, 
T.  W.  SPRAGUE, 
ARTHUR  H.  8T0RRS, 


CHARLES  T.  MALCOLMSON.  ISRAEL  C.  WHITE, 
FRANK  A.  MANLEY,  WILLIAM  G.  WILKINS, 

JOHN  P.  K.  MILLER,  LEWIS  L.  WHXARD. 
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PrecUnu  and  Base  Melah 

CHABLES  W.  GOODALE,  Chairman. 

ARTHUR  L.  WALKER,  Vice^hairman,  ROBERT  C.  GEMMELL,  riea-Chmrmaa, 

DARSIE  C.  BARD,  Stcrttary,  HonUna  State  Sohool  of  Mines,  Butte,  Mont. 

SUB-G01IMITTBE8 


COPPER 
EDWARD  P.  MATHEWSON,  Chatrnum, 


LAWRENCE  ADDICKB, 
W.  LAWRENCE  AUSTIN, 
JOHN  C.  GREENWAY. 
LAFAYETTE  HANCHETT, 
L.  OGHiVIE  HOWARD, 


FREDERICK  LAIST, 
C.  B.  LAKENAN, 
GEORGE  W.  METCALFE, 
L.  D.  RICKETT8. 
FOREST  RUTHERFORD, 


GEORGE  D.  VAN  ARSDALE. 
ARTHUR  L.  WALKER, 
ARCHER  E.  WHEELEB, 
ALBERT  E.  WIGGIN. 


F.  L.  BOSQUI, 
PHILIP  R.  BRADLEY, 
CHARLES  BL  fTERS, 
ROBERT  C.  CANBY, 
ALLAN  J.  CLARK. 


C.  J.  ADAMI. 
LEONARD  S.  AUSTIN, 
WITJ.IAM  BRADEN. 
ARTHUR  S.  DWIGHT, 
KARLEHiERS, 


8.  E.  BRETHERTON, 
GELASIO  CAETANI, 


GOLD  AND  BILYEB 
F.  LYNWOOD  GARRISON,  Chairman. 

GEORGE  H.  CLEVENGER,        WHXET  G.  MILLER, 
HARRY  S.  DENNY, 
JOHN  V.  N.  DORR, 
JAMES  W.  MALCOLMSON, 
CHARLES  W.  MERRILL. 


CHARLES  H.  MUNRO, 
R.  M.  RAYMOND, 
WHITMAN  SYMME8, 


LEAD 
HEINRICH  O.  HOFMAN,  Chairman, 


HERMAN  GARLICHS, 
ERNEST  A.  HERSAM, 
G.  P.  HULST. 
SIDNEY  J.  JENNINGS. 
FRANK  M.  SMITH, 

ZINC 

GEORGE  C.  STONE,  Chairman, 

C.  A.  H.  DnSAULLES, 
W.  MoA.  JOHNSON, 
FREDERICK  LAIST, 


WILLIAM  A.  SMITH, 
FREDERIC  R.  WEEKES, 
RUSH  J.  WHITE, 
C.  W.  WHITLEY. 
WILLIAM  WRAITH. 


DORSEY  A.  LYON, 
OTTO  RIS8MAN. 
C.  E.  SIEBENTHAL. 


DAVID  H.  BROWNE, 
SIllGFRIED  FISCHER, 
FRANK  L.  HESS. 


MARK  N.  ALLING, 
SIDNEY  H.  BALL. 
PIERRE  BOUERY, 
C.  C.  BRAYTON, 
NEWTON  CLEAVELAND, 
ROBERT  E.  CRANSTON, 


laSCBLLANBOUS  METALS 
CHARLES  H.  FULTON,  Chairman, 


ZAY  JEFFRIES. 
ROBERT  M.  KEENEY, 
GEORGE  A.  PACKARD, 

PLACER  DEPOSITS 

CHARLES  JANIN.  Chairman. 

F.  LYNWOOD  GARRISON, 
J.  J.  HAMLYN, 
W.  P.  HAMMON, 
ROSS  B.  HOFFMANN. 
HENNEN  JENNINGS, 
E.  B.  KIMBALL, 


WALTER  M.  STEIN, 
JOSEPH  STRUTHERS, 
WILLIS  R.  WHITNEY. 


CHESTER  F.  LEE, 
H.  L.  MEAD, 
F.  L.  MORRIS. 
C.  H.  MUNRO, 
WILLIAM  8.  NOYES. 
HENRY  C.  PERKINS. 
O.  B.  PERRY. 


Non-MetaUic  Minerala 

HEINRICH  RIES.  Chairman. 

CHARLES  P.  BERKEY,  Viee-Chairman,         GEORGE  F.  KUNZ.  Viee-Chairman. 

EDWARD  W.  PARKER.  Vic0-Chairman, 

WILLIAM  C.  PHALEN.  Secretary,  U.  S.  Geologioal  Survey.  Waehington,  D.  C. 

SAMUEL  W.  BEYER,  F.  R.  HEWITT,  WILLET  G.  MILLER. 

H.  A.  BUEHLER,  F.  C.  HOOPER.  WILLIAM  B.  PHILLIPS, 

JOHN  A.  DRESSER,  C.  COLCOCK  JONES,  JOSEPH  HYDE  PRATT, 

R.  D.  GEORGE,  C.  G.  MEMMINGER,  KENNETH  SEAVER. 

FRANK  L.  HESS,  BENJAMIN  L.  MIIXER.  THOMAS  L.  WATSON. 

Mining  Oeology 

Chairman. 


L.  C.  QRATON. 

RALPH  ARNOLD. 
JOHN  M.  BOUTWELL, 
H.  A.  BUEHLER. 
MARIUS  R.  CAMPBELL. 
C.  R.  CORNING. 
M.  J.  ELSING. 
WILLIAM  H.  EMMONS. 
F.  LYNWOOD  GARRISON, 


JOHN  W.  FINCH.  Vice-Chairman. 
Sccrdary,  Harvard  Geological  Museum.  Cambridce. 


IRA  B.  JORALEMON. 
JAMES  F.   KEMP. 
HENRY  LANDES, 
ALFRED  C.  LANE, 
CHARLES  K.  LEITH. 
R.  V.  NORRIS. 
ARTHUR  NOTMAN, 
EZEQUIEL  ORDONEZ. 


R.  A.  F.PENROSE.  Jiu. 
WILLIAM  B.  PHILLIPS. 
JOSEPH  HYDE  PRATT, 
HEINRICH  RIES, 
RENO  H.  SALES. 
WILLIAM  G.  SHARP, 
HENRY  L.  SMYTH. 
JOSIAH  E.  SPURR. 
M.  E.  WADSWORTH. 
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BENJAMIN 
TRUMAN  H.  ALDRICH.  Jb., 
HANS  C.  BEHR, 
B.  B.  BRIN8MADE, 
DOUGLAS  BUNTING, 
LOUIS  S.  GATES. 
GHABLE8  CATLETT, 
FRED  W.  DENTON, 
8TAMLT  EA8T0N, 
JAMES  R.  FINLAY, 
R.  a  GBMMELL. 


MMng  MModi 

ROBERT  H.  CATLIN,  Ckairmam. 

F.  TILL80N,  S^entary,  Ftanklin  FunuMe,  N.  J. 


JOHN  GILLIE. 
WILLIAM  L.  HONNOLD. 
JAMES  B.  JOPLINO. 
ROBERT  A.  KINZIE, 
HENRY  KRUMB. 
WILLIAM  H.  LEONARD, 
HENRY  LOUIS, 
JAMES  F.  MoCLELLAND, 
SEELEY  W.  MUDD. 
JAMES  B.  RISQUE, 


MILNOR  ROBERTS, 
OSCAR  ROHN, 
GERALD  SHERMAN, 
HENRY  L.  SMYTH, 
BENJAMIN  W.  VALLAT, 
RUEL  C.  WARRINER, 
SAMUEL  D.  WARRINER, 
GEORGE  WEIR, 
DWIGHT  E.  WOODBRIDGE. 


MUUng  Methods 

ROBERT  H.  RICHARDS,  Cka/brmtm.  M.  E 

CHARLES  E.  LOCKE.  Seentary,  Man.  Inttituto  of 


EARL8.BARDWELL, 
H.  K.  BURCH. 
CHARLES  BUTTERS, 
GELASIO  CABTANI. 
WILLIAM  A.  CALDECOTT, 
JOHN  M.  CALLOW. 
CHARLES  A.  CHASE. 
DAVID  COLE, 
JOHN  T.  N.  DORR. 
ARTHUR  8.  DWIGHT, 


RUDOLPH  GAHL, 

H.  A.  GUESS. 

H.  C.  HOOVER, 

FREDERICK  LAIST, 

C.  B.  LAKENAN, 

W.  P.  LASS, 

CHARLES  W.  MERRILL, 

HENRY  S.  MUNROE. 

E.  H.  NUTTER, 

C.  Q.  PAYNE, 


,  RODGERS,  Vie^^kairman, 
Teolmology,  Boston.  Maat. 
JOHN  B.  PORTER, 
LEWIS  G.  ROWAND. 
E.  A.  C.  SMITH, 
T.  B.  STEARNS, 
WALTER  G.  SWART. 
ARTHUR  THACHER, 
BULKELEY  WELLS, 
ALBERT  E.  WIGGIN, 
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TRANSACTIONS  OF  THB  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  revision]  .      .^  ,^ 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  U  ihould  preferably  be  presented  in  penon  at  the 
Ariiona  meeting,  Scntember,  1916.  when  an  abetraot  of  the  paper  will  be  read.  If  tnis  ia  impoe* 
■Ue,  then  dJacuarion  in  writing  may  be  wnt  to  the  Editor,  American  Inatitute  of  Mining  Encineexa.  29 
Weet  39th  Street,  New  York.  N.  Y.,  for  preaentation  by  the  Secretary  or  other  repreaentative  of  its 
author.  Unleai  apedal  arrangement  ii  made,  the  dtacusaion  of  thia  paper  will  eioee  Nov.  1, 1916.  Any 
offered  thereafter  ahould  preferably  be  in  the  form  of  a  new  paper. 


Features  of  the  New  Copper  Smelting  Plants  in  Arizona 

BT  A.   O.   IfCOREQOR,*  B.   S.,   WARBBN,    ARIZ. 
(Ariaona  Meeting,  September,  1916) 

During  the  past  5  years,  five  new  copper-smelting  plants  have  been 
built  and  put  into  operation  in  the  State  of  Arizona.  The  monthly 
copper  output  from  these  plants  averages  from  5,000,000  to  18,000,000 
lb.  Previously,  there  never  was  as  much  activity  in  copper-smelting 
plant  construction  in  the  same  length  of  time  in  all  the  rest  of  the  world. 

Naturally,  in  this  amount  of  work,  some  new  problems  were  met  and 
new  features  in  plant  design  and  equipment  developed.  Some  of  these 
features  are  described  in  this  paper. 

Concentrate  Hauling,  Unloading  and  Sampling  System 

(a)  Concentrate  Car 

The  International  Smelting  Co.  has  provided  at  its  plant  at  Miami 
specially  designed  cars  for  hauling  the  concentrates  from  the  mills  of  the 
Inspiration  Copper  Co.  and  the  Miami  Copper  Co.  The  car  has  a  bottom 
that  is  readily  made  tight  to  hold  flotation  concentrates  and  is  quickly  and 
cheaply  unloaded.     Figs.  1,  2  and  3  show  views  and  details  of  the  car. 

The  main  feature  of  this  car  is  the  slot  in  the  bottom  throughout  its 
length,  which  is  closed  by  means  of  short  planks  that  overlap  like  ship- 
lap  as  shown  by  Fig.  1.  At  one  end  of  the  car  an  iron  gate  operated  by  a 
screw  and  hand  wheel  is  provided,  which  clamps  or  presses  the  planks 
together,  making  the  bottom  tight.  A  removable  tapered  plug  rests 
vertically  over  this  gate  when  the  loading  of  the  concentrates  at  the  mill 
commences. 

A  concentrate  unloading  pocket  (Fig.  4)  180  ft.  long,  is  provided  at  the 
smelting  plant,  which  has  a  conveyor  belt  running  throughout  its  length 
underneath  the  track.  To  unload  a  car,  the  vertical  plug  at  the  end  of 
the  car  is  lifted  by  means  of  a  chain  hoist  which  is  supported  by  a  trolley 
overhead.  The  gate  at  the  end  of  the  car  is  opened  approximately  18  in. 
The  removal  of  the  plug  leaves  a  hole  down  through  the  concentrates. 
The  concentrates  are  poked  through  the  hole  from  the  top  of  the  car  until 
it  is  convenient  for  a  man  to  stand  on  the  bottom  and  draw  one 
of  the  slats  in  the  bottom  toward  the  gate  end  of  the  car.  The  concen- 
trates are  then  raked  down  with  hoes  on  their  natural  angle  of  repose, 
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which  is  Dearly  vertical,  until  the  next  slat  is  partly  uncovered,  when  it  ia 
pulled  toward  tbe  gate  end  of  the  car.  This  operation  progresses  until  the 
opposite  end  of  the  car  is  reached.  The  slats  and  the  grooves  supporting 
them  are  then  carefully  swept  off  and  cleaned  with  a  broom;  the  gate  is 
screwed  back,  pressing  the  slats  together,  and  the  plug  is  lowered  into 
place.  The  car  is  then  ready  to  be  taken  back  to  the  concentrator  for 
another  load. 


Fio.  4. — Section  thbodgh  Concentrate  Unloadinq  Pockit. 


(b)  Concentrate  Sampler 

Fig.  5  shows  diagrammatically  the  scheme  used  for  samphng  the  con- 
centrates. It  will  be  noted  that  the  conveyor  from  the  unloading  pocket 
ilischarges  onto  a  shuttle  conveyor  (a  tripper  on  the  former  conveyor 
could  have  been  substituted  for  the  shuttle  conveyor  but  it  would  not  have 
handled  the  sticky  concentrates  as  well).  Buckets  attached  at  their  ends 
to  chain  belts  are  arranged  to  cut  through  the  stream  of  concentrates  as 
they  are  discharged  onto  the  shuttle  conveyor.  The  chains  are  driven 
and  supported  by  sprocket  wheels.  The  arrangement  is  such  that  at  the 
highest  point  in  their  travel  the  buckets  are  in  an  inverted  position.    At 
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this  point,  they  pass  under  a  revolving  shaft  which  has  a  number  of 
knockers,  made  of  6-in.  belting,  attached  to  it.  These  knockers  alap  the 
bottom  of  the  buckets,  jarring  loose  any  concentrates  tending  to  stick  to 
them.  This  arrangement  works  satisfactorily  on  ordinary  table  and  van- 
ner  concentrates,  but  is  not  satisfactory  with  flotation  concentrates  on 
account  of  the  varying  load  on  the  conveyor  belt,  the  flotation  concen- 
trates being  unloaded  from  the  car  in  large  chunks. 


Fia.  S. — Abranobment  pok  Samplinb  Concentrates. 


(c)  Bedding  Bins 

Fig.  6  shows  a  cross-section  of  the  bedding  bios  used  in  connection 
with  the  concentrate  car  and  sampler  just  described.  The  bins  are 
150  ft.  long  and  have  a  total  capacity  of  9,000  tons  of  chaise.  The 
concentrates  are  delivered  by  belts  from  the  car-unloading  pocket  to  any 
one  of  the  three  conveyors  passing  over  the  bins.  Each  belt  has  a 
motor-operated  tripper  which  travels  back  and  forth  throughout  the 
length  of  the  bin.  Each  tripper  is  arranged  with  two  cross-belts,  which 
discharge  material  on  both  sides  of  the  tripper,  instead  of  the  ordinary 
chutes  that  would  clog  with  the  sticky  concentrates.  These  cross- 
belts  also  permit  of  a  wider  top  on  the  ore  bed  than  could  be  obtained 
with  ordinary  chutes.  The  cross-belts  of  the  tripper  as  well  as  the  loi« 
belts  running  over  the  bins  and  all  the  other  belts  handling  sticky  con- 
centrates are  speeded  to  400  ft.  per  minute,  which  aids  in  discharging 
the  sticky  material  from  the  belt  when  it  passes  over  the  pulley  at  its 
head  end  or  the  pulley  of  the  tripper.     An  oscillating  deflector  is  so 
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arranged  that  the  material  passing  over  the  tripper  is  discharged,  first 
on  one  of  the  short  cross-belts  and  then  on  the  other.  This  is  done  to 
provide  an  even  distribution  of  the  material  over  the  top  of  the  beds, 
making  the  height  of  the  bed  on  both  sides  of  the  tripper  the  same. 
The  tripper  is  reversed  at  each  end  of  its  travel  by  the  reversal  of  its 
propelling  motor  through  a  magnet-switch  control.  The  bins  have 
"V"  bottoms  with  a  slot  2  ft.  4  in.  wide  running  throughout  their  length. 
This  slot  is  covered  with  short  planks  which  are  readily  removed,  and 
as  the  reclaiming  progresses,  they  are  merely  moved  back  in  the  slot. 


^rx: 


f< - 75-9  •■" - - >J 

Fig.  6. — Cross-Section  of  Bedding  Bins. 


The  concentrates  are  raked  down  with  hoes  and  allowed  to  discharge, 
through  the  opening  in  the  bottom  thus  provided,  onto  the  conveyor 
belts  underneath.  The  concentrates  are  bedded  in  these  bins  with  a 
proper  amount  of  limestone  and  pyrite  and  the  available  secondaries, 
each  bin  comprising  a  bed.  Storage  bins  for  storing  finely  crushed  lime 
rock,  secondaries,  pyrite,  etc.,  are  provided  and  arranged  so  that  the 
fine  material  from  these  bins  is  delivered  by  a  conveyor  and  discharged 
just  ahead  of  the  concentrates  onto  the  belts  leading  up  over  the  bedding 
bins.  The  material  next  to  the  bedding  belts,  therefore,  consists  largely 
of  finely  crushed  lime  rock,  which  is  a  further  aid  in  the  discharge  of  the 
sticky  concentrates  from  these  belts. 
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RoAST£R  OR  Dryer  Plant 

Figs.  7  and  8  show  end  and  side  elevations  respectively  of  the  Inter- 
national Smelting  Co.'s  roaster  or  dryer  plant.  The  main  features  of 
this  plant  consist  in  the  method  used  for  conserving  the  heat  and  in  the 
placing  of  the  Cottrell  fume  treaters  directly  above  the  fiunaces.  The 
roaster  furnaces  in  this  plant  are  used  for  drying  the  concentrates  and  are 
not  used  for  roasting,  as  the  charge  contains  no  excess  sulphur;  in  fact  it 
has  been  necessary  to  have  some  pyrite shipped  in  from  Bisbee  in  order  to 
raise  the  sulphur  content  of  the  charge  sufficiently  to  prevent  the  produc- 
tion of  mattes  too  high  in  copper  for  good  clean  slags. 

(a)  Conservation  of  Heat  in  Furnace 

The  furnaces  are  air-cooled.  The  cooling  air,  after  passing  through 
the  furnace  arms,  is  conducted  up  the  central  shaft  to  the  top,  thence 
down  to  the  oil  fireboxes  connecting  with  the  two  lower  hearths  of  the 
furnace.  This  gives  preheated  air  for  the  combustion  of  the  oil  and  con- 
serves the  heat  absorbed  by  the  cooling  air.  To  fiu-ther  conserve  the 
heat  of  the  furnace,  the  linings  are  12  in.  thick.  The  outer  4  in.  of  lining, 
between  hearths,  is  made  of  "Nonpareil"  insulating  brick.  The  manu- 
facturers of  these  brick  claim  that  4  in.  of  their  brick  is  equivalent  in 
heat  insulating  value  to  40  in.  of  ordinary  brick.  The  tops  of  the  calcine 
hoppers  of  these  furnaces  are  insulated  from  the  lower  floor  of  the  furnace 
building,  just  above  them,  by  an  air  space.  The  calcine  hoppers  have 
non-conducting  linings  consisting  of  2^^  in.  of  Nonpareil  insulating  brick 
and  a  1-in.  layer  of  reinforced  concrete.  The  reinforced  concrete  is  to 
take  the  wear  and  erosion  caused  by  the  heated  material  inside  the 
hopper,  as  the  Nonpareil  brick  will  not  stand  much  wear  or  rough  usage. 

(6)  CoUreU  DtLst-colleding  System  for  Furnaces 

The  Cottrell  equipment  for  treating  the  gases  from  this  plant  consists 
of  12  units  of  20  tubes  each.  The  tubes  are  of  lap-welded  steel  13-in. 
in  outside  diameter,  and  15  ft.  in  length.  They  are  flanged  outward,  or 
"Vanstoned"  at  each  end,  which  reduces  the  brush  discharge  caused  by 
sharp  corners  and  makes  a  good  means  of  connection  to  the  upper  and 
lower  diaphragms.  Suitable  lugs  are  welded  to  the  pipes  against  which  the 
hammers  strike  when  vibrating  the  tubes  to  shake  off  the  collected  dust. 
The  electrical  equipment  for  this  installation  is  so  arranged  that  the  volt- 
age used  may  be  varied  from  50,000  to  100,000  volts.  The  treater  tubes 
were  planned  for  a  velocity  of  5  ft.  per  second  for  the  gases  passing  up 
through  them.  The  recovery  of  dust  by  this  treater  is  practically 
perfect. 
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The  main  feature  of  this  installation  is  in  its  arrangement  which 
permits  the  gases  to  pass  directly  up  from  the  furnaces  through  the  header 
flue,  the  tubes  and  the  stacks,  the  gases  rising  continuously  from  the 
furnace  hearths  to  the  outlet  of  the  stacks. 

Blast  Furnaces 

Fig.  9  shows  a  general  end  elevation  of  the  blast  furnaces  at  the 
Calumet  &  Arizona  Mining  Co.'s  plant  at  Douglas.  ,  These  furnaces  are 


Fia.  9. — End  Elevation  of  Blast-furnace  Plant,  Calumet  &  Arizona 

Mining  Co.,  Douglas. 

40  ft.  long  by  4  ft.  wide  at  the  tuyeres.  The  ores  and  materials  smelted 
in  these  furnaces  are  bedded  so  that  the  charge  coming  to  the  chai^  binfi 
over  the  furnaces  is  thoroughly  mixed.    A  coke  bin  and  an  ore  binare  pro- 
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vided  on  each  side  of  each  furnace.  Each  furnace  has  four  charge  cars, 
two  on  each  side.  The  cars  are  20  ft.  long.  When  receiving  a  charge  of 
ore  or  coke,  the  cars  are  resting  on  track  scales.  Each  car  has  four  com- 
p&rttnents  and  the  bins  overhead  have  a  gate  corresponding  to  each  com- 
pvtment,  so  that  the  amount  of  chaise  for  any  part  of  the  furnace  can 
be  regulated  to  suit  the  conditions.  The  car  is  propelled  from  the  bins 
to  the  charging  position  at  the  furnace,  a  distance  of  7  ft.  or  15  ft., 
(according  to  whether  a  charge  of  coke  or  a  charge  of  ore  is  being  moved) 
by  means  of  an  electric  motor  geared  to  two  wheels  of  the  car.  Pig.  10 
shows  a  view  of  the  charge  car  under  the  charge  bins. 


Fia.  10. — ViKW  Showinq  Charob  Cab  under  Bins. 

The  furnace  side  jackets  are  in  one  length  16  ft.  6  in.  long  and  are  40 
in.  wide.  It  will  be  noted  that  the  bustle  pipe  is  combined  with  the  truss 
or  girder  which  takes  the  outward  thrust  of  the  jackets  at  their  midpoint. 
This  simplifies  the  construction  and  gives  more  room  around  the  bustle 
pipe  for  the  water  piping,  etc.  Fig.  11  is  a  view  showing  the  tuyeres 
and  bustle  pipe. 

The  bridge  plates  for  the  furnace  bottoms  are  of  structural  steel; 
l4-in.  plates  are  riveted  to  G-in.  I-beams.  The  I-beams  are  spaced  12^^ 
in.  apart.  The  cooling  of  the  bottom  is  effected  entirely  by  the  sur- 
rounding air.  The  I-beams  riveted  to  the  plates  undoubtedly  increase 
the  effectiveness  of  the  cooling.  The  I-beams  supporting  the  bottom  are 
also  used  for  holding  the  outward  thrust  of  the  bottom  ends  of  the  jackets. 
This  thrust  is  carried  into  the  beams  by  means  of  steel  rods  threaded  at 
one  end  and  flattened  at  the  other.     The  flattened  ends  are  riveted  to  the 
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webs  of  the  beams  and  a  nut  on  the  threaded  end  holds  a  lug  against  the 
bottom  end  of  the  jacket. 

The  furnace  tops  and  chaise  doors  are  of  structural  steel  in  the 
form  of  air  jackets.  An  air  space  is  provided  between  the  inner  and 
outer  sheets  of  the  furnace  tops.  The  lower  end  of  this  air  space 
connects  with  the  outside  air  while  the  upper  end  connects  with  the 
inside  of  the  furnace  top.  The  cool  air  is  drawn  in  at  the  bottom  and 
discharged  at  the  top  into  the  furnace  gases  going  to  the  chimney,  thus 
insuring  a  positive  air  circulation  which  Veepa  the  sheets  of  the  air  top 
properly  cooled.    The  furnace  charge  doors  are  jacketed  in  a  similtu' 


These  furnaces  have  been  in  use  for  3  years,  smelting  as  high  as  1,400 
tons  of  charge  each  per  day,  and  no  repairs  or  replacements  have  been 
made  in  furnace  water  jackets  and  no  warping  has  taken  place  in  the  ur- 
cooled  tops. 

Rbverberatort  Furnaces  . 

Fig.  12  shows  a  side  elevation  of  a  typical  reverberatory  furnace  at 
the  International  Smelting  Co.'s  plant  which  has  several  features  worthy 
of  mention. 

(a)  Furnace  Bottoms 

It  was  especially  desirable  at  tlua  plant,  on  account  of  difficulties  at 
another  plant,  to  avoid  any  trouble  with  furnace  bottoms  in  starting  up. 
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To  accomplish  this,  broken  slag,  brought  in  raikoad  cars  from  the 
Old  Dominion  smelter,  was  melted  in  a  small  blast  furnace;  obtained 
by  setting  up  a  number  of  discarded  furnace  jackets  and*  a  motor-driven 
blower,  on  the  site  for  the  reverberatory  furnaces.  The  molten  slag  thus 
obtained  was  conducted  in  launders  to  the  foundations  of  the  reverbera- 
tory furnaces.  Heavy  concrete  beams  and  struts  were  provided  between 
the  furnaces  for  taking  the  thrust  from  the  lower  ends  of  the  buck  stays. 
Later,  the  spaces  between  the  concrete  struts  and  the  beams  were  filled 
in  with  molten  slag  obtained  from  the  regular  operation  of  the  reverbera- 
tory furnaces.  The  slag  bottom  was  covered  first  with  a  4-in.  layer  of 
fire  clay  and  then  a  27-in,  layer  of  silica  (94  per  cent.  SiOj)  crushed  to 
minus  3^  in.     These  bottoms  gave  no  trouble  whatever  in  starting  up. 

(b)  Furnace  Fettling  and  Charging  System 

The  method  of  charging,  instead  of  fettUng  only,  along  the  side  walls 
of  reverberatory  furnaces,  now  so  successfully  used  by  the  Canadian 
Copper  Co.  and  the  Anaconda  Copper  Mining  Co.,  was  developed  after 
the  construction  of  this  plant  was  well  along.  The  plant  was  laid  out 
for  charge  tracks  running  at  right  angles  to  the  furnaces  near  the  firing 
end.  In  order  to  distribute  the  charge  along  the  sides  of  the  furnaces, 
charge  hoppers  were  located  under  the  charge  tracks  directly  over  the 
side  walls  of  the  furnaces.  Drag-chain  conveyors  were  installed,  one 
over  each  side  of  each  furnace,  which  received  the  charge  from  the  charge 
hoppers  (see  Figs.  13  and  14).  Under  these  conveyors,  approximately 
every  30  in.,  suitable  down-spouts  with  gates  are  provided  so  that  the 
charge  may  be  distributed  along  the  side  walls  of  the  furnaces  throughout 
their  length.  The  bridge  wall  and  side  walls  at  the  firing  end  of  the  fur- 
naces are  charged  by  drawing  directly  from  the  hoppers  through  suitable 
spouts. 

The  floor  over  the  charge  tracks  around  the  skimming  end  of  the 
furnace  is  paved  with  firebrick. 

(c)  Calcine  Cars 

Figs.  15  and  16  show  end  and  side  elevations  respectively  of  the 
calcine  car  used  at  the  International  Smelting  Co.'s  plant.  The  feature 
of  this  car  is  the  arrangement  used  for  reducing  dust  losses  in  receiving 
and  discharging  a  charge.  The  car  is  equipped  with  four  sliding  sleeves 
in  the  top  which  are  spaced  to  register  with  the  discharge  openings  of  the 
calcine  hoppers  at  the  roaster  plant.  When  the  car  is  spotted  under  the 
roaster  hoppers  in  its  proper  position,  the  sleeves  are  forced  up  against  the 
calcine  hoppers  by  means  of  levers  on  the  side  of  the  car.  The  operating 
lever  is  of  flat  spring  steel  so  that  the  sleeve  can  be  firmly  pressed  into  con- 
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tact  with  the  flange  at  the  bottom  of  the  calcine  hopper,  and  held*there  by 
a  notch  in  a  quadrant  on  the  side  of  the  car.  The  spring  handle  insures  a 
good  pressure  between  the  sleeve  in  the  top  of  the  car  and  the  flange 
of  the  calcine  hopper  regardless  of  the  small  variations  in  the  distance 
between  the  top  of  the  car  and  the  calcine  hoppers  or  any  lost -motion  in 
the  connection  of  the  lever  with  the  sleeve.  An  air  vent  is  provided  in 
the  car  made  of  fine  woven  wire  mesh. 

Fig.  14  shows  the  sleeves  in  the  top  of  the  reverberatory  furnace 
charge  hoppers  for  receiving  the  charge  from  the  calcine  car.  These 
sleeves  are  similar  to  the  sleeves  in  the  top  of  the  calcine  car.  By  press- 
ing down  on  the  lever,  which  is  operated  from  the  charge  floor,  the  sleeve 
is  forced  up  against  the  flange  of  the  discharge  spout  of  the  car.  Notches 
are  provided  in  the  lever  which  engage  a  catch  and  thus  hold  the  sleeves 
in  their  upper  position  while  the  car  is  being  discharged.  The  pressure 
of  the  handle  is  transmitted  to  the  sleeve,  as  will  be  seen  from  the  figure, 
through  a  helical  spring,  so  that  a  good  contact  between  the  sleeve  and  the 
spout  of  the  car  is  assured  regardless  of  the  lost  motion  and  wear  in  the 
operating  levers  and  the  variations  in  the  distance  between  the  sleeves  in 
the  charge  floor  and  the  flange  on  the  discharge  spout  of  the  car. 

(d)  Baffling  in  Waste-Heat  Boilers 

By  reference  to  Fig.  17,  it  will  be  noted  that  the  header  flue  between 
the  reverberatory  furnaces  and  the  waste-heat  boilers,  and  the  connec- 
tions between  the  header  flue  and  boilers  are  well  up  above  the  furnace 
floor  level,  giving  ample  head  room  for  the  convenience  and  comfort  of  the 
workmen;  the  bottom  of  the  header  flue  is  10  ft.  6  in.  above  the  furnace 
floor  level.  Also,  it  will  be  noted  that  the  boiler-room  floor  level  corre- 
sponds to  the  furnace  floor  level.  This  is  made  possible  by  reversing  the 
baflUng  in  the  Stirling  boilers  so  that  the  gases  enter  the  front  of  the 
boiler  near  the  top  and  leave  the  boiler  at  the  rear  near  the  bottom  instead 
of  as  in  the  standard  setting. 

This  arrangement  of  bafiling  gives  equally  as  good  results  from  the 
standpoint  of  water  circulation  in  the  boiler,  priming,  etc.,  as  the  standard 
bafl^g. 

Arrangement  of  Converter  Plants 

Southwestern  practice  is  to  have  the  converter  plant  adjacent  to  the 
reverberatory  furnaces,  and  arranged  so  that  the  reverberatory  matte  is 
received  through  launders  into  ladles  directly  under  the  converter  plant 
crane.  Also  arranged  so  that  the  converter  slag  may  be  poured  from 
ladles  by  the  converter  crane  back  into  the  reverberatory  furnaces 
through  launders  extending  from  the  converter  aisle  to  openings  provided 
in  the  roofs  of  the  reverberatory  furnaces.    The  converter  slag  is  usually 
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discharged  fleveral  feet  in  front  of  the  bridge-wall  of  the  furnace  and  mid- 
way between  the  eide  walls.  Fig.  17  is  a  typical  crosa-eection  of  the  Inter- 
national Smelting  Co.'s  plant  and  is  typical  of  the  new  reverberatory 
smelting'plants  in  Arizona.  ^Fig.  18  is  a  plan  of  the  same  plant. 


Fio.  18. — Plan  or  International  Sheltinq  Co.'b  Plant, 

(a)  SUiceotta  Ore  Charging  Device  for  Converter 

Several  of  tbe  plants  are  arranged  bo  that  the  siliceous  ore  for  the 
winverters  is  drawn  directly  from  bins  overhead.  Figs.  19  and  20  show 
atypical  arrangement  of  bin,  measuring  hopper  and  chute  for  accomplish- 
ing this  operation.  This  particular  arrangement  is  installed  at  the  Inter- 
national Smelting  Co.'s  plant.  A  weighing  or  measuring  hopper  is  inter- 
posed between  the  overhead  bin  and  the  chute  leading  to  the  converter 
mouth.  The  hopper  is  mounted  on  springs  and  is  connected  by  levers 
and  links  to  an  indicator  readily  seen  from  the  operating  floor.  Any 
desired  amount  of  charge  can  be  weighed  out  into  the  measuring  hopper 
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and  discharged  into  the  converter  and  this  can  be  accomplished  entirely 
through  the  operation  of  levers  on  the  main  floor  of  the  converter  plant 

(6)  Converter  Plant  Cranes 

Most  of  the  newer  plants  are  equipped  with  12-lt.  Great  Falls  type 
converters.  These  converters  weigh,  when  lined,  approximately  70 
tons.    Instead  of  designing  the  converter  cranes  for  a  capacity  to  lift 


Frorrt    Elevation 
Fio.  19. — CoNVBBTBB  Plant,  Imtbbnatiokal  Suelting  Co. 

a  converter  shell  with  its  lining,  as  has  usually  been  the  practice  hereto- 
fore, the  cranes  are  designed  for  a  hfting  capacity  of  40  tons,  which  is 
nearer  right  for  the  routine  work  of  handling  matte,  copper  and  slag  in 
large  ladles.  Converters  with  magnesite  lining  do  not  have  to  be  moved 
into  and  out  of  their  stalls  often,  but  when  it  is  desirable  to  do  this  two 
cranes  are  used  with  a  lifting  rig  as  shown  in  Figs.  21  and  22.  The  con- 
verter cranes  in  all  of  the  Arizona  smelting  plants  are  operated  by  25ft- 
volt  direct  current.  The  later  cranes  are  equipped  with  magnetrewitcb 
control. 
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(c)  SkuU  Breaker  for  Converter  Plant 

Three  of  the  Arizona  converter  plants  are  equipped  with  skull  breakers 
and  a  fourth  plant  is  now  being  thus  equipped.  Figs.  23,  24  and  25  show 
the  geoeral  arrangement  of  the  skull  breaker  at  the  International  Smelt- 
ing Cc's  plant.    A  hopper  about  11  ft.  wide  by  24  ft.  long  is  provided,  the 


Side    Elevo+ion 
Fio.  20. — CoNTKBTER  Plant,  Intkbnational  Subltino  Co. 

bottom  of  which  consiets  of  cast-steel  bars  with  projecting  lugs,  making  a 
irating  vith  openings  throughout  about  9  in.  square.  A  small  traveling 
bridge  is  provided  over  this  grating,  and  mounted  on  this  bridge  is  a  trolley 
vlucli  travels  transversely  to  the  path  of  the  bridge.  In  the  trolley  is 
OKHiated  a  motor-driven  hoist  which  raises  a  hammer  in  the  form  of  a  long 
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Flo.  21. — Method  op  Lifting       Fio.  22. — Method  of  Liftino  Gonterteiu. 
Converters,    Caluhbt  &  Am-  Caj.vuet  &  Asiioka  Mining  Co. 

ZONA  MtNINO  Co. 
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Figs.  23  and  24. — Skull  Breaker,  International  Smeltinq  Co. 
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weight  that  works  in  a  guide.  The  hammer  and  guide  are  mounted  on 
a  trolley  with  the  hoist.  The  hoist  operator  raises  the  hammer  and 
allows  it  to  drop  on  the  skull  in  a  manner  similar  to  the  operation  of 
the  ordinary  type  of  pile-driver  hammer.  When  the  skulls  are  broken 
into  fragments  sufficiently  small  to  pass  through  the  grating,  they  drop 
into  a  steel  railroad  car  underneath.  The  bridge  and  trolley  travel 
pennit  the  hammer  to  be  spotted  over  any  skull  on  any  part  of  the 
grating. 


Tail  Track,  4d'"' 


Plan,     fig.  25 
Fig.  25. — Skull  Breaker,  International  Smelting  Co.    Plan. 


Chimneys 

(a)  TAe  Largest  Steel  Chimney  in  the  World 

Fig.  26  shows  a  general  elevation  with  details  of  the  large  steel  chimney 
at  the  plant  of  the  United  Verde  Ciopper  Co.  at  Clarkdale,  Ariz.  It  is 
30  ft.  9}4  ui.  in  diameter  inside  the  steel  plates  and  is  400  ft.  1  in.  in 
height,  from  the  base  to  the  top.  It  is  believed  to  be  the  largest  steel 
chimney  in  existence  at  this  time.  It  has  a  brick  lining  4  in.  thick 
throughout  its  height. 


(6)  Slag  Foundation  for  Steel  Chimney 

Fig.  27  shows  the  details  of  the  foundation  for  a  steel  chimney  at 
the  smelting  plant  of  the  Calumet  &  Arizona  Mining  Co.  at  Douglas. 
The  chimney  is  306  ft.  high  from  the  top  of  the  foundation  and  is  25  ft. 
^H  in.  in  diameter,  inside  of  the  steel  shell.  It  has  a  hollow-tile  lining 
4  in.  thick  throughout  its  height.  The  feature  of  the  chimney  is  in  the 
construction  of  its  foundation.  The  foundation  was  cast  from  molten 
8lag  hauled  to  the  site  for  the  chimney  in  the  usual  slag  pots,  instead  of 
concrete  or  masonry  as  is  usual  for  chimneys  of  this  type.  A  template 
for  holding  the  anchor  bolts  was  made  of  structural  angles  and  channels 
supported  on  a  central  concrete  pier  and  held  from  turning  or  moving 
by  a  second  concrete  pier  at  the  outer  circumference.    The  foundation 
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iwlts  were  supported  at  their  lower  ends  on  small  concrete  piers  and 
they  in  turn  supported  the  template  at  other  points  of  its  outer  cir- 
cumference not  supported  by  the  concrete  pier,  each  bolt  having  at  the 
top  a  nut  on  the  under  side  and  one  on  upper  side  of  the  template, 

Sj!      U,6x4StTbic>mtaa  inSfocJr,  ^^''^^M.S' 
Detail   of  T«mplat» 


forming  a  secure  support.  Large  washers  were  provided  for  the  bottom 
ends  of  the  anchor  bolts  over  which  were  laid  old  steel  rails.  Blast- 
lumace  slag  was  then  poured  over  the  foundation  and  adjacent  ground, 
fanning  the  foundation  for  the  chimney.  A  concrete  capping  was  laid 
on  top  of  the  slag  for  the  cast-steel  base-ring  of  the  chimney  proper. 


DISCDSStON  OF  THIS  PAPER  IB  INVITED.  It  ibooU  pralnabli  bt  pnMDMd  In  mnod  Kt  tb« 
AiuonK  maMliu,  Bntambar,  ISIS,  whan  an  abatnot  of  Um  papar  will  b*  i«*d.  II  tUa  la  impoaaibla, 
tbaa  diaoaMloD  £  wtftlu  mur  ba  Mat  to  tba  Edlta.  Amarloaa  lutltuU  of  Uinlna  EDciiiaai«.W  Waal 
anh  Stnot,  Naw  York,  N.  Y.,  for  pnaaDUtloD  by  iha  Baaratuy  or  Mbat  nptaaantatlta  of  ita  author. 

UDlaaa^M(Uatniwomantlamada.tba(iiani^oiiaIthii .11 -._  «_  .   i»..       .  — j. ■— 

oSarad  tbanaflar  ahonld  pKfarablr  ba  In  tha  lorm  ol  a 


The  2,000-Toii  Leaching  Plant  at  Anaconda 


BT  FBEDBRICK  I.AIST,*  B.  S.,  AMD  HABOU)  W.  AU>RICH,t  U.  ■.,  ANACONDA,  MONT. 
(ArboDa  Hattlni.  Soptunber,  lOlS) 

ApTBB  a  series  of  experiments  covering  a  period  of  about  three  years, 
extending  from  the  spring  of  1912  to  the  spring  of  1915,  a  2,000-ton 
leaching  plant  for  the  treatment  of  the  accumulated  copper  concentrator 
tailing  was  built  and  put  into  operation.  During  the  experimental 
period,  the  first  step  was  that  of  laboratory  experiments  or  beaker 
leaches.     The  results  on  this  small  scale  wer^  so  satisfactory  that  a 


Fio.  1. — Lbachino  Plant  at  Anaconda. 

Bmall  operating  plant,  capable  of  handling  5  tons  of  roasted  tailing  per 
day,  was  installed.  Again,  the  results  .proved  satisfactory  and  an  8ft- 
ton  plant  was  built  and  operated  continuously  from  August  until  Feb- 
niary,  1913.     In  this  plant,  full-sized  roasting  and  leaching  units  were 

*  MetaUurgicftl  Manager,  Anaconda  Mining  Co. 

t  Superintendent  of  Leactung  Plant,  Anaconda  Mining  Co. 
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used.  The  results  obtained  by  the  operation  of  the  80-ton  plant  proved 
that  the  roasting  and  leaching  of  deslimed  concentrator  tailing  could  be 
profitably  done,  so  in  the  early  spring  of  1914,  the  construction  of  a  2,000- 
ton  leaching  plant  was  begun  (Figs.  1  and  2).  Operation  of  the  plant 
began  on  May  13,  1915.    A  flow  sheet  of  the  plant  is  shown  in  Fig.  3. 

Leaching  Plant  Feed 

The  accumulated  taihng  in  the  New  Works  dump  is  estimated 
at  about  20,000,000  tons.  The  dump  consists  of  the  concentrator 
tailing  discharge,  over  a  period  extending  from  February,  1902^  to  the 
present  date.  According  to  daily  samples  taken  during  that  period, 
the  copper  content  is  about  0.64  per  cent,  and  the  silver  0.48  oz.  per  ton. 
The  peak  of  the  dump,  or  the  point  where  the  tailing  is  discharged, 
carries  about  0.75  per  cent,  copper,  while  down  toward  the  toe,  and 
where  present  excavation  is  taking  place,  the  copper  content  is  only 
0.57  per  cent.  About  3  lb.  per  ton  of  the  copper  is  oxidized,  the  re- 
mainder being  sulphide. 

The  following  shows  an  average  screen  analysis  of  the  tailing  in  the 
dump: 

Cumvlative  Per  Cent. 

+20.0     +40.0     +60.0     +80.0     +100.0     +160.0     +200.0     -200.0 
22.6        64.7        82.0        80.1         93.8  97.7  98.5  1.5 

An  average  analysis  of  tailing  being  treated  at  the  present  time 
follows: 


H,0 

Per   Cent. 

Cu 

Per  Cent. 

Ag 

Ounces 

SiO, 
Per  Cent. 

FeO 

Per  Cent. 

S 

Per  Cent. 

AUO, 

Per  Cent. 

CaO 

Percent. 

5.63 

0.573 

0.487 

81.0 

2.8 

1.9 

9.8 

0.4 

The  dump  is  being  excavated  by  a  Bay  City  Industrial  Works 
electric  hoist,  equipped  with  a  4-yd.  bucket.  The  hoist  loads  the  tailing 
into  50-ton  ore  cars.  These  are  hauled  to  the  leaching  plant  storage 
bins  in  trains  of  15  cars  each.  The  hoist  is  capable  of  hauling  3,000 
tons  in  8  hr. 

Conveying  and  Storage  Equipment 

Unloading  Pit 

The  loaded  cars  of  taihng  are  spotted  by  means  of  a  25-ton  electric 
locomotive  operated  by  the  third-rail  system.  The  unloading  pit  is 
a  steel  bin  capable  of  holding  350  tons  and  is  of  sufficient  length  to  allow 
three  cars  to  be  unloaded  at  a  time.  On  top  of  the  pit  is  a  2-in.  grizzly, 
through  which  all  tailing  must  pass  before  going  to  the  storage  bios. 
This  grizzly  serves  to  keep  out  rocks  or  lumps  which  would  block  the 
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feeders,  furnaces^  etc.  Under  the  steel  bin  are  22  short-belt  feeders, 
each  feeding  from  its  own  gate  and  running  at  right  angles  to  the  length 
of  the  bin.  These  feeders  discharge  onto  a  36-in.  belt  running  length- 
wise, which  in  turn  delivers  the  sand  to  another  36-in.  belt  traveling  on 
an  18°  angle  to  the  top  of  the  storage  bins.  The  system  will  handle 
over  3,000  tons  of  tailing  in  8  hr. 

Storage  Bins 

The  storage  bins  will  hold  6,000  tons  of  sand  tailing.  This  gives  be- 
tween two  and  three  days'  supply  for  the  leaching  plant,  in  case  of 
railroad  troubles  or  difficulties  due  to  cold  weather.  The  bins  are  of 
substantial  wood  construction  and  are  inclosed,  the  walls  and  roof  of 
the  building  consisting  of  wood  sheathing  covered  with  corrugated  iron. 
The  bins  are  arranged  in  a  double  row  and  are  hopper-bottomed.  The 
tailing  is  distributed  over  the  bins  by  means  of  a  36-in.  belt  and  movable 
tripper. 

Underneath  are  36  gates,  each  with  its  hopper  from  which  an  18-in. 
belt  feeder  delivers  to  a  24-in.  belt  running  the  full  length  of  the  build- 
ing, in  the  center.  By  means  of  other  belts,  traveling  through  a  tunnel 
under  the  railroad  tracks,  and  up  an  18°  incline,  the  feed  is  delivered  to 
the  top  of  the  furnace  building. 

There  are  also  small  coal  and  salt  storage  bins  from  which  a  22-in. 
belt  system  conveys  coal  and  salt  to  bins  in  the  roaster  building,  the 
salt  being  drawn  from  there  to  the  leaching  building  as  it  is  required. 
All  belts  run  at  approximately  400  ft.  per  minute. 

Roasting  Equipment 

The  furnace  building  is  232  by  110  ft.  and  is  of  steel  and  concrete 
construction  (Fig.  4). 

There  are  28  McDougall-type,  six-hearth  furnaces  arranged  in  four 
rows  of  seven  each.  The  furnaces  are  20  ft.  in  diameter,  each  being 
equipped  with  two  fireboxes,  diametrically  opposite,  the  flame  entering 
over  a  fire  bridge  directly  into  the  third  hearth,  the  top  hearth  being 
designated  as  the  first.  The  grate  dimensions  of  each  fixebox  are  3  by 
4  ft.  (Figs.' 6  and  6). 

Each  furnace  has  a  20-ton  feed  hopper,  to  which  the  tailing  is  de- 
livered by  means  of  two  24-in.  belts  each  equipped  with  a  movable 
tripper.  The  furnaces  are  fed  by  14-in.  belt  feeders  drawing  from 
these  hoppers,  the  amount  of  feed  being  controlled  by  gates  which  are 
operated  by  means  of  a  screw  adjustment,  the  feed  dropping  through  a 
hole  in  the  top  arch,  directly  onto  the  top  floor  (Fig.  7).  During  the 
time  the  feed  is  on  the  two  upper  floors^  it  is  dried  and  heated;  as  it  drops 
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FiQ.  6. — Vbrtical  Section  through  McDouqall  Fubnace. 
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Fia.  6. — Firing  Flooh  of  Roastkb  Plant. 
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to  the  third  or  fired  floor,  the  sulphur  ignites.  The  three  lower  floors 
are  kept  hot  by  the  combustion  of  the  sulphur  in  the  tailing. 

Four  flues  run  the  length  of  the  building,  one  over  each  row  of  seven 
furnaces.  Each  furnace  has  two  opposite  connections,  from,  the  top 
hearth  to  the  flue.  All  four  flues  lead  into  a  balloon  flue  with  a  downtake 
of  45*^.  The  balloon  flue  enters  the  15  by  200-ft.  steel  stack  with  a 
45°  uptake.  The  stack  is  unlined.  In  the  bottom  of  the  balloon  flue 
is  a  6-in.  screw  conveyor  which  deUvers  the  flue  dust  to  the  belt-con- 
veyor system  which  receives  the  calcine  from  the  furnaces. 

The  furnaces  are  air-cooled,  the  air  being  furnished  by  four  No.  11 
Buffalo  blowers  each  direct-connected  to  a  50-hp.  motor.  The  air  intake 
is  at  the  top  of  the  furnace  shaft  and  the  discharge  at  the  bottom.  The 
hot  air  does  not  enter  the  furnaces,  but  is  delivered  to  the  leaching  and 
sohition  buildings  for  heating  purposes  by  a  suitable  piping  system. 
When  it  is  not  needed  for  this  it  is  discharged  into  the  atmosphere. 

Each  furnace  is  equipped  with  a  cylindrical  cooler,  30  in.  in  diameter 
and  19  ft.  long.  The  cooled  calcine  enters  a  mixer  or  concrete-Uned  steel 
cylinder,  at  the  head  end  of  which  a  very  small  stream  of  water  is  added 
to  settle  the  dust.  The  mixer  discharges  a  moist  warm  calcine  to  an 
18-in.  conveyor  belt,  and  by  a  system  of  conveyors  the  calcine  is  delivered 
to  the  leaching  building. 

The  ashes  from  the  fireboxes  drop  into  launders  and  are  sluiced  out 
through  the  main  tailrace. 

't 
Leaching  Plant  Equipment 

The  leaching  building  is  293  by  122  ft.  and  is  of  steel  and  wood  con- 

iction.    It  contains  10  redwood  tanks  each  50  ft.  in  diameter,  and  14 

deep.    The  average  charge  to  a  tank  is  about  1,000  tons  of  calcine. 

The  tanks  are  equipped  with  an  ordinary  filter  bottom,  made  of  1^^- 

in.  slats  resting  on  2  by  4-in.  pieces.    Above  this  are  two  layers  of  heavy 

i^eocoa  matting  and  on  top  of  the  matting  is  a  grating,  made  of  1^  by 

BSI^-in.  material,  with  6-in.  square  spaces.    The  grating  fills  with  calcine 

W^J^-in.  deep  and  serves  to  keep  the  force  of  the  sluicing  water  from  tear- 

'  ing  the  matting.    The  acid  solutions  rot  the  cocoa  matting,  but  if  not 

disturbed,  it  will  hold  its  shape  and  be  an  efficient  filtering  medium  long 

after  it  is  too  much  decomposed  to  handle.    All  the  steel  tank  hoops  are 

^  covered  with  lead  pipes  to  protect  them  against  leaks  of  acid  solutions. 

V       The  tanka  are  in  two  rows  of  five  each.    A  20-in.   conveyor  belt 

■*  travels  over  each  row,  and  by  means  of  a  tripper,  the  calcine  is  dumped 

into  a  suitable  distributor,  which  spreads  it  over  the  tank  (Fig.  8). 

Each  tank  has  three  lead  pipes  4  in.  in  diameter  and  one  4-in.  iron  pipe 
entering  at  the  top.  The  lead  connections  are  for  strong  and  dilute  acid 
solutions  and  the  iron  pipe  is  for  wash  water.    Above  the  level  of  the 


1290  THE  2,000-TO»  LBACHINO   PLANT   AT  ANACONDA 

leaching  tanks  an  iron  storage  tank  is  provided  for  holding  the  stock  of 
concentrated  acid.  Its  capacity  is  about  120  tons  of  60°  B6.  acid.  All 
concentrated  acid,  used  to  raise  the  acid  strength  of  any  solution,  is  added 
to  the  solution  as  it  goes  on  the  charge  in  the  leaching  tanks. 

There  are  seven  10-in.  sluicing  gates  in  the  bottom  of  each  leaching 
tank,  one  in  the  center  and  six  spaced  equidistant  from  each  other  in  a 
circle  about  half  way  between  the  center  and  the  circumference  of  the 
tank.  These  discharge  into  launders  which  i  connect  with  the  main 
tcuUngs  launder. 

"Acimet"  valves  and  lead  piping  are  used  throughout  for  handling 
dilute  and  concentrated  acid  solutions. 


Fia.  8. — View  of  Leachinq  Tanks  and  Dibtbibctinq  Chutes. 

The  floors  of  both  the  leaching  and  solution  buildings  are  of  con- 
crete, and  are  painted  with  an  asphalt-tar  mixture  for  acid  proofing. 
These  floors  slope  to  a  gutter  which  connects  to  a  pump  aump  and  in  this 
way  any  overflow  or  leakage  of  solution  is  saved  and  returned  to  the 
system. 

The  solution  tank  building  is  a  leanto  off  the  leaching  building  and 
contains  five  solution-storage  tanks.  These  are  50  ft.  in  diameter  and 
14  ft.  deep.  Solutions  drain  from  the  leaching  tanks  to  the  stor^e  tanks 
and  are  pumped  to  the  top  of  the  leaching  tanks,  from  the  solution  tanks, 
by  means  of  vertical  shaft,  direct-connected,  hard-lead,  centrifugal 
pumps. 
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Precipitating  Division 

The  precipitation  of  the  copper  and  silver  is  accomplished  with  scrap 
iron.  The  precipitating  launders  are  of  concrete,  each  about  250  ft. 
long  and,  having  a  section  of  4  by  8  ft.  available  for  containing  iron. 
Each  launder  is  partitioned  off  into  four  sections  by  concrete  walls.  Any 
of  the  12  sections  may  be  bypassed  for  the  purpose  of  cleaning  up.  In 
the  bottom  of  the  launders  is  a  heavy  wood  grating,  upon  which  the  iron 
rests,  leaving  a  space  about  6  in.  under  it,  for  accumulation  of  any  cement 
copper  which  may  drop  off  the  iron.  In  the  side  of  each  section,  at  the 
bottom,  are  four  6-in.  holes,  toward  which  the  concrete  bottom  slopes. 
These  holes  discharge  into  launders  which  carry  the  copper  to  a  settling 
tank.  There  it  is  washed  and  stored  and  finally  excavated  with  a  clam- 
shell bucket,  loaded  into  standard  railroad  cars  and,  at  present,  shipped 
to  the  briquetting  plant  before  blast-furnace  treatment.  An  electrically 
operated  Brown  hoist,  equipped  with  a  lifting  magnet,  handles  the  scrap 
iron  and  loads  the  copper. 

Details  of  Operation 
Rodsiing 

The  tailing  is  subjected  to  a  simple  oxidizing  roast,  no  particular 
care  being  taken  to  obtain  a  large  amount  of  sulphate.  The  sulphur 
content  of  the  feed  is  about  2.2  per  cent,  and  that  of  the  calcine  about 
0.6  per  cent.  One-third  of  the  total  sulphur  in  the  calcine  is  in  the  form 
of  sulphate.  When  too  hot  a  roast  is  attempted  in  order  to  decrease  the 
total  sulphur  content,  a  certain  portion  of  the  copper  is  rendered  insoluble 
ia  all  ordinary  acids,  with  the  exception  of  hydrofluoric. 

A  pyrometer  is  inserted  over  the  fourth  floor  of  every  furnace,  and  by 
means  of  these,  the  firemen  are  able  to  keep  constant  control  of  the  tem- 
perature. The  best  results  are  obtained  by  keeping  the  fourth  floor  at 
about  500**  C.  The  hottest  hearth  in  the  furnace  is  the  third  or  fired  floor, 
and  averages  about  535^  C. 

The  water  for  the  calcine  cooler  system  enters  at  about  40®  C,  is 
discharged  at  65®  C,  and  is  piped  to  the  solution  building,  where  it  is  used 
to  heat  the  circulating  solutions.  It  is  then  pumped  back  and  used  again 
in  the  coolers.  The  calcine  after  passing  through  the  coolers,  and  after 
the  addition  of  1  per  cent,  moisture,  while  going  through  the  mixers,  has 
a  temperature  of  about  45®  C.  During  the  convejdng  from  the  roasters 
to  the  leaching  tanks,  this  temperature  is  lowered  to  40®  C. 

Leaching 

The  leaching  is  done  by  continuous  downward  percolation,  no  circula- 
tion or  upward  percolation  being  used.     The  percolation  rate  will  vary 
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from  3  in.  per  hour  with  the  first  solution  to  as  high  as  10  in.  per  hour 
with  the  wash  water.  As  nearly  as  possible,  all  solutions  and  wash 
waters  go  on  the  charge  at  40®  to  60**  C. 

It  requires  about  one-fourth  of  the  weight  of  calcine,  in  weight  of 
solution,  to  saturate  a  charge  thoroughly. 

There  are  five  solution  tanks:  One  for  storage  of  No.  1  solution,  one 
for  No.  2  solution,  one  for  copper  solution,  and  two  for  wash-water. 

Cu  HtS04  NaCl 

Per  Cent.         Per  Cent.  Per  Cent. 

No.  1  solution  tank 0.8  5.0  7.0 

No.  2  solution  tank 0.1  0.5  3.5 

CopperHSolution  tank 1.9  1.0  7.0 

Wash-water  tanks 0.2  1.0  1.0 

After  a  tank  is  charged  with  calcine  and  leveled,  250  tons  of  No.  1 
solution  is  added  as  fast  as  the  charge  will  absorb  it.  The  drain  valve 
is  always  open,  so,  as  soon  as  the  solution  reaches  the  bottom  of  the 
tank,  it  commences  to  drain  to  the  copper-solution  storage  tank  bs 
copper  solution.  From  the  copper-solution  tank  there  is  only  one 
outlet,  which  is  to  the  precipitation  launders.  After  traveling  through 
the  launders,  two-thirds  of  the  solution  is  returned  to  the  No.  2  solution 
tank  and  the  balance  wasted.  This  waste  is  necessary  to  keep  impurities 
such  as  iron  and  aluminum  sulphates  from  building  up  in  the  system. 

When  the  No.  1  solution  has  all  been  added  to  the  leaching  tank, 
the  solution  is  allowed  to  drain  until  none  shows  on  top  of  the  calcine, 
when  1  per  cent,  of  the  weight  of  the  charge,  of  common  salt  (NaO), 
is  spread  over  the  calcine.  On  top  of  the  salt  is  then  added  100  tons 
of  solution  from  No.  2  solution  tank,  but  with  additional  strong  acid  to 
bring  it  to  20  per  cent.  H2SO4.  Following  the  20  per  cent,  acid  solution, 
150  tons  of  No.  2  solution  is  added,  but  without  additional  strong  HsSOt- 
This  scheme  gives  a  zone  4  or  5  ft.  in  depth  of  very  strong  chloridizing  , 

•  

solution,  traveling  down  through  the  charge.  There  is  about  8  per  cent, 
of  ferrous  and  ferric  iron  in  solution,  which,  with  the  salt,  forms  ferric 
chloride,  in  itself  a  very  corrosive  reagent,  even  dissolving  a  considerable 
amount  of  imroasted  sulphide.  This  chloridizing  action  also  gives  the 
silver  extraction,  as  without  it  very  little  silver  is  recovered.  The  150 
tons  of  No.  2  solution  which  follows  the  20  per  cent,  acid  is  for  the 
purpose  of  washing  out  silver  chloride  and  dissolved  copper  which  may 
have  been  held  in  the  calcine.  It  carries  very  little  copper  or  acid,  but  is 
fairly  high  in  salt  content,  and  therefore  better  than  a  clean  water 
wash.  Following  the  last  acid  solution,  about  300  tons  of  hot,  clean 
water  is  added. 

The  two  portions  of  No.  2  solution,  one  at  20  per  cent,  acid,  and  the 
other  at  0.5  per  cent,  acid,  after  percolating  through  the  charge,  drain  to 
the  No,  1  solution  tank. 
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The  wash  water,  less  a  quantity  sufficient  to  make  up  for  the  dis- 
carded solution,  drains  to  the  two  wash-water  tanks.  The  balance 
goes  to  the  No.  2  solution  tank  and  adds  enough  to  make  up  the  amount 
of  solution  discarded  from  the  precipitating  division  each  day. 

Precipitating 

The  practice  here  is  too  old  to  necessitate  much  explanation.  The 
main  advantages  in  the  practice  at  this  plant  over  the  usual  practice 
are  the  large  launders,  which  make  it  possible  to  put  in  large  and  odd- 
shaped  pieces  of  iron,  and  the  presence  of  salt  in  the  solutions  which 
prevents  the  copper  from  plating  on  the  iron,  and  makes  a  soft  spongy 
cement  copper  which  is  easily  washed  off  with  a  hose,  leaving  the  iron 
clean  for  more  precipitation.  It  is  never  necessary  to  remove  the  iron 
for  cleaning.  The  silver  is  recovered  by  precipitation  on  the  precipitated 
copper. 

Resxtlts 

The  resulting  cement  copper  carries  about  70  per  cent,  copper.  The 
following  data  are  taken  from  the  reports  for  the  month  of  October, 
1915.  This  is  a  representative  month,  but  it  is  certain  that  the  results 
will  be  improved  upon,  after  longer  operation. 

Sand  tailing  treated,  tons 70,401 .00 

Copper  in  feed,  per  cent 0. 576 

Silver  in  feed,  ounces  per  ton 0. 45 

Copper  in  tailing,  per  cent 0.082 

Silver  in  tailing,  ounces  per  ton 0. 14 

Sulphuric  acid  (60^  B6.)}  pounds  per  ton  of  feed 64.00 

Coal,  per  cent,  of  feed 3.30 

Salt,  per  cent,  of  feed 1 .  52 

Iron,  pounds  per  pound  of  copper 2 .  00 

The  plant  during  this  month  made  an  extraction  of  about  80  per  cent, 
of  the  copper  and  60  per  cent,  of  the  silver.  This  is  less  than  indicated 
by  assays  of  heads  and  tailings  owing  to  various  plant  losses  of  which 
the  largest  is  dust  from  the  roasting  furnaces  amounting  to  about  4.5 
per  cent,  of  the  copper  in  the  feed. 

Analyses  of  Feed  and  Tailing 

Cu,  Ag.  8i0i.  FeO.  8,  AliOa  CaO. 

Per  Cent.      Ounces      Per  Cent.   Per  Cent.    Per  Cent.   Per  Cent.     Per  Ceni; 

Feed 0.575       0.45        81.3         3.0  2.1  9.4  0.4 

Tailing 0.082       0.14        84.7         2.4  0.4  8.7  0,4 


• 


TRANSACTIONS  OF  THB  AMERICAN  IN8TITUTB  OF  MINING  ENGINEERS 
[subject  to  BEVISIOWl 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ilioiild  preferably  bo  proMnted  in  Mrwn  •«  the 
Aniona  meetinc.  September.  1916,  when  an  abetnwit  of  the  paper  will  be  read.  If  thie  la  impoiilblo, 
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Mining  and  Milling  Practice  at  Santa  Gertradis 

BT  HtTQH  rose/  PACHUCA,  MEXICO 
(Arieona  Meetinc  September,  1910) 

The  properties  of  the  company  lie  within  the  Pachuca  district,  State 
of  Hidalgo,  Mexico,  connected  by  three  railway  lines  with  Mexico  City, 
55  miles  southwest,  and  by  two  Unes  with  Vera  Cruz,  250  miles  southeast. 

The  ores  were  formerly  divided  by  sorting  into  two  classes,  smelting 
and  milling,  the  former  averaging  about  2  oz.  gold  and  335  oz.  silver, 
the  latter  0.12  oz.  gold  and  23  oz.  silver.  The  smelting  ores  were  sold 
to  custom  plants,  principally  the  American  Smelting  &  Refining  Co. 
at  Aguascalientes.  The  milling  ores  were  treated  by  the  patio  process  at 
the  Guadalupe  Hacienda,  at  Pachuca.  This  patio  was  probably  the 
largest  in  existence  at  the  time  and  continued  in  active  operation  up  to 
March,  1910. 

In  January,  1910,  the  mines  and  patio  were  sold  to  English  interests, 
represented  by  Camp  Bird  Limited.  Two  new  companies  were  formed, 
the  Compafiia  de  Santa  Gertrudis,  S.  A.,  to  operate  the  mines,  and  the 
Compaiiia  Beneficiadora  de  Pachuca,  S.  A.,  to  build  and  operate  a  custom 
cyanide  milling  plant.     (Fig.  1.) 

Geology 

The  historical  geology  of  the  Pachuca  district  is  described  by  Fred  J. 
Pope  as  follows: 

1.  The  most  recent  sedimentary  rocks  in  the  district  belong  to  the 
Cretaceous  period. 

2.  The  Cretaceous  rocks  were  penetrated  by  large  intrusions  of  ande- 
site  (referred  to  hereafter  as  primary  andesite)  which  occur  as  elliptical 
dome^haped  masses,  striking  northwest-southeast.  These  andesite 
bodies  are  from  8  to  15  miles  long  and  from  6  to  10  miles  wide. 

3.  A  period  of  erosion  during  which  the  contour  of  the  andesite  domes 
was  changed. 

4.  Andesite  flows  (secondary  andesite)  which  rest  unconformably  on 
the  primary  andesites. 

*  General  Manager,  Compafiia  de  Santa  Gertrudis,  S.  A. 
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5.  A  second  period  of  erosion,  again  exposing  areas  of  primary 
andesites. 

6.  A  series  of  rhyolite  flows  which  partially  covered  the  primary  and 
secondary  andesites. 

7.  A  third  period  of  erosion  which  exposed  large  areas  of  both  the 
primary  and  the  secondary  andesite.  During  this  period  there  were  many 
intrusions  of  quartz-porphyry  dikes  which  cut  the  primary  and  secondary 
andesites  and  the  rhyolite.  For  the  most  part  they  do  not  affect  the 
economic  tenor  of  the  veins.  In  occasional  instances,  however,  the  veins 
are  locally  impoverished  where  they  cut  these  dikes.  Relatively  to  the 
extent  of  the  orebodies,  these  dikes  are  very  small  and  practically  have 
no  economic  bearing. 

8.  A  period  of  areal  faulting,  probably  due  to  subsidence  and  adjust- 
ment caused  by  the  large,  dome-shaped  masses  of  primary  andesite  cooling 
at  depth.  During  this  period  fissures  were  formed,  rock  between  the 
walls  was  brecciated  and  there  was  a  heavy  siUcification,  but  practically 
no  economic  values  were  brought  into  the  veins.  It  was  essentially  a 
period  of  fissuring,  brecciation  and  siUcification. 

9.  A  second  period  of  faulting  with  movements  relatively  much  less 
than  during  the  first  period.  It  was  during  and  immediately  subsequent 
to  this  secondary  faulting  that  the  veins  received  their  economic  values. 

10.  Erosion  and  minor  faults. 


Country  Rock 

In  discussing  the  magmatic  variations  of  the  primary  andesite,  Mr. 
Pope  further  states: 

The  primary  andesite  in  which  the  Santa  Gertrudis  vein  occurs  is  not 
a  homogeneous  rock.  There  are  local  variations  due  to  differentiation 
in  cooling.  For  the  most  part  the  andesite  has  a  sUght  grayish-green 
color,  is  porphyritic,  and  breaks  with  a  rough  surface.  This  is  the  pre- 
vailing normal  type  and  averages  approximately  65  per  cent,  silica.  A 
more  basic  variation  averages  a  little  over  60  per  cent.  siUca,  is  porphy- 
ritic, dark  green  in  color,  breaks  with  a  conchoidal  fracture  and  is  very 
tough.  Between  these  two  types  there  are  all  gradations  and  one  often 
graduates  imperceptibly  into  the  other.  Both  occur  at  all  levels  to  the 
bottom  of  the  mine,  a  depth  of  2,000  ft. 

Operations  in  the  Pachuca  district  have  demonstrated  that  the  tough 
basic  phase  of  the  primary  andesite  is  not  favorable  to  the  formation  of 
ore  and  that  all  the  large  orebodies  are  found  in  the  normal  type.  This  is 
due  to  the  fact  that  after  the  primary  faulting  and  siUcification,  the  basic 
phase  was  as  tough  or  tougher  than  the  original  rock  and  thus  resisted 
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the   secondary  fracturing  and  subsequent  introduction   of  economic 
values.^ 

Nature  and  Formation  of  the  Veins 

The  veins  are  not  simple  fissures  filled  with  silica  and  economic 
minerals,  but  in  a  general  way  may  be  described  as  crushed  zones  varjdng 
from  a  few  feet  up  to  50  ft.  and  in  some  instances  over  100  ft.  in  width. 
Usually  both  foot  and  hanging  walls  are  fairly  well  defined,  but  in  many 
places  the  dividing  Une  between  ore  and  wall  rock  can  be  determmed  only 
by  systematic  sampling. 

As  a  rule  the  hanging  wall  is  heavy,  due  to  fracturing  and  to  slips  or 
faults  parallel  to  the  vein,  and  in  consequence  must  be  carefully  supported 
when  mining  the  ore. 

Ore  Occurrence 

The  veins  of  the  district  are  notable  for  the  size  and  persistence  of  the 
oreshoots. 

As  a  rule,  the  oreshoots  do  not  outcrop  but  are  discovered  at  varying 
depths  of  one  hundred  to  several  hundred  feet  from  the  surface,  and  in  the 
upper  levels  are  shorter  and  often  have  a  distinctive  pitch,  generally  to  the 
east.  Usually,  several  of  these  shoots  combine  in  depth  to  form  the  main 
great  oreshoot  of  the  mine.  In  the  Santa  Gertrudis  vein  a  number  of  the 
smaller  shoots  were  thus  worked  to  a  depth  of  from  800  to  900  ft.  At 
about  this  horizon  they  joined  together  forming  an  orebody  which  per- 
sisted for  another  600  to  700  ft.  in  depth,  having  a  length  in  the  several 
adjoining  properties  of  about  3,000  ft.  and  a  width  averaging  18  ft.  The 
grade  of  this  great  oreshoot  was  not  less  than  $20  per  ton.* 

At  a  horizon  of  about  1,800  ft.  from  the  surface  the  veins,  though 
still  strong,  become  rapidly  impoverished  and  at  2,000  ft.  Uttle  payable 
ore  is  to  be  found.  Below  this  horizon  explorations  are  being  conducted 
to  discover  the  possible  existence  of  a  new  zone  of  mineralization,  but  such 
work  is  not  sufficiently  advanced  to  permit  any  forecast  of  results. 

The  ores  generally  are  clean,  carr3dng  very  small  quantities  of  lead, 
zinc  or  iron,  and  little  or  no  manganese,  all  of  which  are  unimportant 
economically.  The  principal  economic  mineral  is  silver  sulphide — ^argen- 
tite.    The  commercial  values  are  confined  to  gold  and  silver,  which  are 

^  Mr.  Pope's  report  was  made  after  a  brief  examination  undertaken  at  the  tiine 
of  the  purchase  of  the  properties  by  the  Camp  Bird  interests.  Subsequent  develop- 
ments over  5  years  have  confirmed  his  findings  in  general.  Several  ore-bearing  veins 
occur  in  basic  andesite  areas  but  oreshoots  are  small  and  of  relatively  small  economic 
importance.  In  the  main  North  Vein,  wherein  the  principal  oreshoots  are  located, 
the  lean  parts  of  the  vein  within  the  ore-bearing  horizon  usually  occur  where  the  vein 
passes  through  the  tough  basic  phase. 

*  U.  S.  currency  and  dry  short  tons  used  throughout  unless  otherwise  specified. 
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present  in  the  proportion  of  15  per  cent,  and  85  per  cent,  respectively. 
By  weight,  for  each  1,000  oz.  of  silver  there  are  usually  5  oz.  of  gold 
present. 

MnaNQ  Systems  and  Methods 

The  mining  systems  in  general  use  are: 
(a)  Overhead  stoping  without  timbering,  with  fiUing. 
(6)  Overhead  stoping  with  timbering  and  filling, 
(c)  Overhead  stoping  with  shrinkage;  with  and  without  subsequent 
filling. 

In  mining  virgin  ore  in  place,  system  (a)  is  most  generally  adopted, 
being  used  where  the  hanging  wall  is  too  heavy  to  employ  shrinkage 
stopmg,  but  sufficiently  strong  to  hold  until  the  stope  can  be  filled. 
Fig.  2  illustrates  the  details  of  this  system.  Foot-wall  drifts  (coimter- 
drives)  in  the  harder  andesite  are  kept  open  after  the  sill  floor  of  the  vein 
has  been  stoped  out  and  filled.  Crosscuts  from  the  counter  drive  are  run 
through  the  vein  every  165  ft.  and  heavily  timbered  with  chutes  for 
drawing  the  ore  from  the  stopes.  These  chutes  are  carried  up  with 
cribbed  timbers  as  the  stope  advances  and  are  divided  into  two  com- 
partments, one  for  ore  and  one  for  manway.  Between  each  two  cross- 
cuts a  raise  is  put  up  to  provide  entrance  for  the  waste  used  in  filling. 
Spreading  of  this  waste  is  done  with  wheelbarrows. 

Throughout  the  Pachuca  district  the  re-mining  of  the  old  areas  has 
become  of  great  importance.  The  old  fills  are  generally  payable  and  in 
most  cases  ore  in  place  is  also  found  on  the  walls.  At  first  sight  it  might 
appear  that  such  territory  would  be  cheaper  to  mine  than  virgin  ground. 
But  this  is  not  the  case,  for  both  the  hanging  wall  and  the  ore  are  heavier, 
making  it  necessary  to  adopt  system  (6)  with  resulting  slower  extraction 
of  ore  at  higher  cost.  Fig.  3  illustrates  the  details  of  this  system  which 
in  the  main  follow  those  of  system  (a)  with  the  addition  of  square-set 
timbering.  As  the  timbers  are  soon  covered  by  the  waste  filling,  light 
sets  of  8  in.  square  material  or  of  equivalent  roimd  posts  are  sufficient. 
Sets  measiu*e  7  ft.  5  in.  high  by  5  ft.  by  5  ft.  in  the  clear. 

System  (c)  is  applicable  only  in  one  small  stope  in  the  Santa  Gertrudis 
mine,  and  hence  need  not  be  discussed  in  detail.  In  general  it  is  used 
more  commonly  in  the  Real  del  Monte  district  than  on  the  Pachuca 
side,  the  walls  in  the  former  district  being  much  harder  and  more 
secure. 

Levels  were  formerly -driven  75  to  100  ft.  apart.  More  recently 
the  distance  has  been  increased  to  165  ft.  (50  m.)  vertically.  It  is 
questionable  whether  a  greater  distance  than  this  could  be  used  eco- 
nomically because  of  difficulty  of  holding  open  the  timbered  chutes. 
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Fio.  2. — Otebband  Stofino  withodt  TmBEHisa  and  tith  Filliko 


Fig.  3. — OvKRHAND  StOFIN>3  with  TubEBIKQ  and  FtliUHQ. 
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Ore  Breaking 

Ore  breaking  is  entirely  overhand,  using  air-hammer  drills  and  %  in. 
40  per  cent,  gelatine  powder.  Filling  for  the  stopes  formerly  obtained 
from  caving  stations  in  the  hanging  wall,  is  now  derived  partly  from 
development  headings.  To  provide  excess  requirements  a  quarry  is 
being  opened  on  the  surface.  A  central  raise  in  hard  foot-wall  rock  is 
being  put  up  to  tap  this  supply.  This  raise  will  deliver  or  receive  waste 
at  each  level. 

DeveUypmenJt 

Shaft  sinking  is  generally  done  against  considerable  water,  200  to 
400  gal.  per  minute;  33^-in.  machine  drills  are  used.  Electric  firing  of 
rounds  has  been  tried,  but  with  only  partial  success,  due  to  the  breaking 
timbers  which  must  be  carried  close  to  the  bottom.  Electric  time 
fuses  have  been  used  with  better  success  and  when  intelligently  handled 
are  an  improvement  upon  ordinary  fuse  firing. 

Of  special  interest  was  the  construction  of  a  two-compartment  shaft 
(San  Francisco  shaft  No.  2)  adjacent  to  the  existing  three-compartment 
San  Francisco  shaft  No.  1.  A  pillar  of  rock,  20  ft.  wide,  was  left  to  pro- 
tect the  latter  shaft,  which  was  kept  in  operation;  sinking  and  raising 
were  carried  on  coincidently  from  several  different  levels.  The  shaft 
raises  were  timbered  in  two  compartments,  a  light  cage  being  used  in  the 
manway  to  handle  men  and  tools.  A  small  electric  hoist  at  the  foot  of 
the  raise  served  the  cage,  the  hoisting  rope  being  carried  over  a  sheave 
swung  from  a  movable  beam  at  the  top  of  the  raise  timbers.  Sinking 
was  done  by  usual  methods. 

Work  was  commenced  in  March,  1912,  and  the  shaft  completed 
to  a  depth  of  1,768  ft.  from  the  collar  to  the  19th  level,  with  pockets  at 
a  number  of  levels,  and  put  into  operation  in  May,  1913.  Steel  timber- 
ing, bought  cut  to  proper  lengths  but  fabricated  locally,  was  installed 
throughout.  No.  18  galvanized  corrugated  sheet  lagging  was  used,  but 
only  where  necessary,  being  slipped  into  place  on  the  outside  of  sets  and 
held  secure  by  small  steel  clips,  riveted  to  the  sheets  and  fitted  over  the 
flange  of  the  I-beam  wall  plates.  The  cost  of  the  shaft  without  pockets 
was: 

Per  Foot 

Raising  and  sinking $24.62 

Timbering  (steel)   20.33 

Loading  and  tramming 0 .  65 

Hoisting  (waste  to  surface) 6 .23 

Explosives   2.92 

lifting 0.59 

Miscellaneous 0.27 

$55.61 
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All  drifting  and  crosscutting  of .  importance  is  done  with  33^-in. 
machine  drills,  using  the  horizontal  bar  momiting,  two  machines  to  a 
bar,  the  muckers  cleaning  up  the  breakage  while  the  top  part  of  the 
roimd  is  being  drilled. 

Raising  is  entirely  accomplished  with  air-hammer  drills. 

Winzing  is  generally  by  hand  and  only  a  relatively  small  amount  of 
it  is  done,  raising  being  generally  cheaper  and  more  rapid.  Air-hammer 
drills  are  occasionally  used  in  winzing  in  hard  groimd. 


Average  Development  Costs  per  Foot 


Shaft  Sinking 
(against  Water) 


Drifting  and 
CrcMBcutting 


Raining 


Winiing 


Labor 

Timber  

Explofiives 

Lighting 

Tracking  and  piping 

Power  

Maintenance,  machine  drills 

Tools 

Tool  sharpening 

Hoses,  pump  fittings,  etc 

Lubricants 

Supervision 

Totals 


$59.25 
8.45 
3.25 
0.70 
1.00 
15.60 
0.50 
0.45 
1.50 
1.50 
0.25 
1.05 

$93.50 


$3.7& 
0.10 
1.70 
0.05 
0.60 
0.50 
0.05 
0.10 
0.60 
0.05 
0.02 
0.30 


$7.82 


$2.50 
0.35 
0.70 
0.06 
0.12 
0.50 
0.10 
0.10 
0.60 
p.  05 
0.02 
0.30 


$5.40 


$4.75 
0.10 
0.60 
0.06 

0.55 

0.10 
0.10 


0.30 


$6.56 


Tramming 

Tramming  undergroimd  is  by  hand  and  electric  haulage.  Four 
main  levels  are  equipped  with  electric  haulage  using  2.5-ton  Jeffrey 
250-volt  trolley  locomotives.  A  battery  locomotive  was  tried  without 
success,  the  equipment  being  insufficient  to  handle  the  load  against 
varying  grades  and  track  curvatures.  In  the  locomotive  haulage,  a 
train  is  made  up  of  10  U-dump  cars  each  of  20  cu.  ft.  capacity,  equal  to 
about  0.9  dry  ton  of  Santa  Gertrudis  broken  ore.  The  cars  are  equipped 
with  Whitney  roller-bearing  wheels  and,  in  general,  are  giving  good 
satisfaction.  The  center  of  gravity  is  sufficiently  low  to  require  com- 
plete filling  for  easy  dumping  and  to  allow  the  cars  to  be  emptied  over 
the  shaft  pockets  without  stopping  the  train.  Waste,  when  required, 
for  stope  filling,  is  loaded  into  the  empty  cars  from  the  waste  chutes  on 
the  return  trip.  On  hand-tramming  levels,  the  ore  is  passed,  wherever 
possible,  to  electric-haulage  levels  for  transportation  to  shafts.  Tracks 
are  20  in.  gage,  with  16-  and  20-lb.  rails. 
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Hoisting 


Men  and  material  are  handled  in  San  Francisco  shaft  No.  1,  by  two 
double-deck  cages  operating  in  and  out  of  balance.  These  are  served  by 
an  Allis  Chalmers  double-reduction  geared  electric  hoist,  using  a  three- 
phase,  50-cycle,  44(>-volt,  300-hp.  induction  motor  with  grid  type  re- 
sistance, at  a  rope  speed  of  1,000  ft.  per  minute;  also  in  San  Juan  shaft, 
two  ^gle-deck  cages  operating  in  balance  and  served  by  a  converted 
150-hp.  electric  hoist,  with  a  rope  speed  of  700  ft.  per  minute. 

Ore  and  waste  are  handled  in  San  Francisco  shaft  No.  2  by  two  5- 
toD  skips  operating  in  or  out  of  balance.  These  are  served  by  a  Fraser 
and  Chalmers  single-reduction,  herringbone-geared  hoist  using  a  three- 
phase,  50-cycle,  44(>-volt,  35(V-hp.  induction  motor  with  liquid  controller 
type  resistance,  at  a  rope  speed  of  1,000  ft.  per  minute,  and  a  capacity 
of  800  tons  per  8-hr.  shift;  also  in  San  Guillermo  shaft,  one  3.5-ton  skip 
operating  counterbalanced  and  served  by  a  duplicate  of  the  hoist  used 
on  San  Francisco  No.  1,  the  rope  speed  being  1,000  ft.  per  minute  and 
the  capacity  300  tons  per  8-hr.  shift.  This  compound  shaft  is  of  interest 
because  of  its  imusual  characteristics.  It  is  of  old-style  masonry  from 
collar  to  9th  level.  It  is  heavily  timbered  through  the  vein  to  the  13th 
level  and  has  a  twist  of  30^  between  the  13th  and  15th  levels  to  bring  it 
parallel  to  the  vein.  Between  the  15th  and  16th  levels  a  50-ft.  radius 
compoimd  converts  the  shaft  to  60^  incline  at  which  it  continues  to  the 
20th  level,  a  total  vertical  and  inclined  length  of  2,090  ft.  Except  in 
the  heavy  part  through  the  vein,  little  trouble  has  been  experienced  in 
the  operation  of  this  shaft,  despite  its  small  size  in  the  upper  section. 

Fig.  4  shows  details  of  construction  of  San  Francisco  No.  2  skip,  of 
special  interest  being  the  trunnion  wheels,  the  duplicates  of  which  have 
given  no  trouble  in  use  in  San  Guillermo  compound  shaft.  These  wheels 
are  also  utilized  in  dumping  the  skip,  as  shown  in  Fig.  5.  The  loop  in 
the  dumping  path  engages  the  bottom  wheel,  thereby  preventing  the 
skip  from  falling  back  into  the  shaft  in  case  the  safety  detaching  hook 
should  not  hold  during  an  overwind.  This  dumping  path  is  designed  to 
take  care  of  a  skip  for  vertical  or  inclined  service. 

Fig.  6  shows  electric-hoist  brake-release  contact  brought  into  play 
by  being  struck  by  the  ascending  bale  of  the  skip  cage.  The  hoist 
brakes,  air-operated,  are  under  control  of  a  solenoid  connected  to  the 
brake  weights.  When  the  electric  contact  is  made,  the  solenoid  drops 
these  weights  independently  of  the  engineer,  thereby  applying  the  brakes. 

Ploughnsteel  ropes  of  flattened-strand  construction  are  used,  1  in.  in 
diameter  on  men  and  materials  hoists  and  1}^  in.  diameter  on  the  ore 
hoists.  Ropes  are  systematically  inspected,  following  South  African 
requirements.  After  2  years'  service,  new  ropes  are  put  on,  even  though 
the  old  ropes  show  no  imdue  wear. 


MINING  AND  UILLINO  PRACTICE  AT  BANTA  OBBTBODIS 


HUGH  ROSE 


Fio.  5. — DmfPiNo  Path  iv  Headpraub. 
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Fig.  6. — Ezjsctbic-Hoibt  Braeo-Relkabb  Contact. 
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Pockets  serving  the  skips  are  located  on  all  working  levels.  Fig. 
7  shows  the  characteristic  arrangement  of  the  grizzly  on  top  of  the  pocket 
and  the  tracking  layout;  Fig.  8  shows  the  standard  loading  station  in 
general  use.    Because  the  ore  is  free-running  and  unsually  fine,  no 


Pia.  7. — Station  amd  Pookbt  LATotrr. 


measurii^  chutes  are  required,  skip  loading  being  accomplished  accuratdy 
and  with  mioimum  loss  of  time  by  manipulation  of  the  gates.  With 
ample  ore  supply,  i.e.,  pocket  fairly  full,  the  loading  time  is  from  15  to 
20  sec. 


Front  EIbmcKoo 

Fig.  8.— Shaft-Loadino  Station. 

Signals  from  cage  or  skip  tender  to  hoist  engineer  are  by  electric 
bells,  the  same  system  being  used  by  persons  calling  at  any  level.  Bdl» 
are  Holtzer  Cabot  polarized  loud-ringing  type,  300  ohms  resistance, 
operating  on  50-  or  60-cycle,  110-volt  alternating  current.  Current  is 
taken  from  a  1,000-volt  power  circuit  and  transformed  to  110  volts.    The 
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three-wire  aystem  is  used  for  the  bells  of  each  shaft  compartment.  Where 
telephones  are  also  installed,  both  bell  and  telephone  wires  are  In  one  wire- 
wrapped,  lead-covered  cable  containing  several  reserve  wires  for  emer- 
gency use.  No.  18  size  wires  are  used.  Fig.  0  shows  the  waterproof 
pull  switch  used  in  signaling,  which  has  given  satisfactory  service. 

Mining  Drainage 

The  main  pump  station  is  located  on  the  18th  level  near  the  San 
Guillermo  shaft.  The  IG-in.  discharge  column  of  Mannesman  drawn- 
steel  tubii^  with  bolted  forged^teel  flanges  and  round  copper  gaskets, 
is  carried  horizontally  on  concrete  pillars  to  the  San  Francisco  shaft 
No.  1  and  thence  vertically  to  the  tunnel  level,  a  total  length  of  !^067 


Fig.  9. — Sional  Switch, 

ft.  and  a  vertical  lift  of  1,328  ft.  The  equipment  of  the  station  consists 
of  three  500  gal.  per  minute,  horizontal,  duplex,  double-acting  Prescott 
high-duty  pumps,  each  driven  through  one  reduction  of  herringbone  steel 
gearing  by  a  three-phase,  60-cycle,  1,040-volt,  250-hp.  General  Electric 
induction  motor,  operating  at  480  r.p.m. 

No  water-hammer  diflnculties  have  developed  during  3  years'  service 
ud  the  equipment  in  general  has  given  excellent  satisfaction.  A  travel- 
ing crane  made  the  installation  easy  and  assists  materially  in  repair  work. 
The  pumps  were  installed  under  a  guarantee  of  85  per  cent,  efficiency  baaed 
on  power  delivered  to  motor  pinioa.  The  motor  efficiency  was  measured 
»t  the  factory,  A  series  of  tests  made  by  the  local  staff,  after  the  pumps 
had  been  in  operation  for  over  a  year,  gave  the  results  shown  in  Table  1. 

The  old  main  pump  station  was  at  the  15th  level  and  consisted  of 
;  Sulzer  centrifugal  pumps  each  direct  connected  to  480- 
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hp.  induction  motors  of  German  make,  no-load  speed,  1,200  r.p.m., 
capacity  3,600  liters  per  minute  each.  These  motors  were  designed  for 
60-cycle  current  and  at  50  cycles  failed  to  handle  the  water  satisfactorily 
because  of  reduction  in  speed.  One  of  these  imits  is  now  installed  on  the 
18th  level  and,  being  connected  to  the  suction  of  the  pump  remaining  on 
the  15th  level,  the  two  now  serve  as  a  reserve  unit  of  about  1,000  gal.  per 
minute  capacity. 

Water  from  the  20th  level  is  pumped  to  the  18th  level  by  a  1,000 
gal.  per  minute  Alberger  centrifugal  pump,  electrically  driven.    In  shaft 

Table  1. — Results  of  Test  on  Pumping  Equipment 
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1,388 
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84.4 
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1,328 

573 

1,388 

599 

314 
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93.1 

375 

83.6 

1,421 

1,328 

573  1,418 

612 

475 

650 

93.1 

605 

78.4 

83.0 
80.7 
81.6 
77.8 
78.5 
77.8 
73.0 


Motor  data,  480  r.p.m.,  250  hp.,  1,040  volts. 

Pump  data,  49.6  r.p.m. ;  length  of  stroke,  3  ft. ;  original  diameter  of  plunger,  4^ 
in.;  diameter  of  plungers  at  time  of  test,  4^6  in.f  calculated  displacement  of  plungers 
at  4^  in.  diameter,  519.4  gal.  per  minute;  at  4^6  i^^*  diameter,  505.5  gal.  per  minute. 

Temperature  of  water,  87®  F. 

Wei^^t  of  water  8.304  lb.  per  U.  S.  gallon. 

NoTB. — ^After  the  tests  a  small  stick  was  found  xmder  one  valve  in  pump  3. 

Average  gallons  per  minute  pumped,  815;  per  day,  1,173,600;  average  pumping 
cost,  including  auxiliaries  per  day,  $208.24;  per  gallon,  0.0177  c. 

sinking  below  the  20th  level.  No.  10  Cameron  sinking  pumps  are  used  with 
air  at  80  lb.  pressure,  and  as  the  lift  becomes  too  great  for  the  air  pumps, 
electric  centrifugal  station  relay  pumps  are  installed. 


Ventilation 

The  natural  ventilation  of  the  mine  is  good,  due  to  the  many  shaft 
connections  as  shown  on  the  longitudinal  projection  (Fig,  10) — and  to 
communications  with  eastern  adjoining  properties,  Barron  and  La  Blanca. 
A  motor-driven  Sirocco  fan  is  occasionally  used  temporarily  to  ventilate 
some  section  pending  the  completion  of  connections  for  natural  air 
currents. 


HUQH  ROSB 


Particular  attention  ia  paid  to  keeping  all  parts  of  tbe  mine  free  from 
refuse  or  filth.     Special  sanitary  buckets  are  provided  in  suitable  places 


on  each  levd  which  the  men  are  required  to  use  and  which  are  systematic- 
ally taken  to  the  surface  for  cleansing,  lime  being  apphed  Uberally  uuder- 
gtound  to  limit  odors. 
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The  main  levels,  where  there  is  much  traffic,  are  sprinkled  with  water  - 
daily,  using  a  small  truck  fitted  with  a  barrel  having  an  ordinary  sprinkler 
attachment. 

Good  drinking  water  is  piped  to  each  shaft  station. 

A  well-ventilated  and  heated  change  room  is  provided,  equipped 
with  shower  baths  of  hot  and  cold  water.  This  facility  is  not  ordinarily 
found  at  a  mine  in  Mexico,  but  its  use  is  to  be  encouraged. 

Safety-First  Measures 

Within  the  last  two  years,  an  active  safety-first  campaign  has  been 
in  hand  with  very  gratifying  results.  As  is  well  known  to  all  operators 
in  Mexico,  the  native  labor  is  imusually  careless  of  danger  or  ordinary 
precautions  against  accident.  Hence  the  problem  presents  exceptional 
difficulties  and  requires  all  the  more  careful  attention  to  preventive 
details.  Because  of  the  reckless  irresponsibility  of  the  individual, 
coupled  with  a  callousness  to  accidents  which  in  fairness  must  be  charged 
to  the  operators  as  well  as  to  the  men,  the  accident  rate  in  Mexican 
mines  is  abnormally  high.  And  for  the  reasons  stated,  this  rate  will 
always  compare  unfavorably  with  those  of  well-regulated  mines  in  the 
United  States  or  Europe.  Nevertheless,  a  great  deal  can  be  done  to 
improve  this  condition. 

After  securing  information  from  some  of  the  leading  American  mining 
companies,  experienced  in  safety-first  measures,  similar  steps  'were 
imdertaken  here.  A  book  of  instruction  covering  accident  prevention 
and  first-aid  measures  was  issued  in  Spanish  and  English.  The  shift 
bosses  or  "capitanes"  of  each  mine  section  were  made  directly  re- 
sponsible for  accidents,  careful  statistics  being  kept  of  the  work  of  each 
boss,  with  a  monthly  premium  of  money  to  the  one  having  the  best 
record  for  the  month,  and  a  gold  watch  with  suitable  engraved  inscription 
for  best  record  for  6  months.  An  annual  contest  is  held  in  which  various 
crews  compete  in  rescue  and  first-aid  measures.  Bosses  and  men  are 
drilled  in  the  use  of  oxygen  helmets.  A  monthly  bulletin  is  printed 
in  Spanish  and  distributed  among  the  men,  in  line  with  similar  bulletins 
issued  by  American  companies. 

As  of  interest  to  other  operators  in  Mexico,  some  of  the  mechanical 
measures  imdertaken  will  be  described  briefly.  All  shaft  entrances  are 
provided  with  self-closing  gates.  After  trying  out  several  types,  the  one 
selected  as  most  simple  and  efficient  is  as  illustrated  by  Fig.  11.  The 
gate  is  merely  swung  off  c.enter  as  shown  and  closes  by  gravity  without 
undue  jar.  Fig.  11  also  shows  the  upper  gate  similarly  swung,  to  protect 
the  individual  from  falling  rocks  while  standing  at  the  shaft. 

Many  accidents  in  Mexican  mines  are  from  men  carelessly  stepping 
into  open  chutes  or  man  ways  in  stopes  or  levels.    All  chuteways  throu^- 
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out  the  mine  are  now  covered  with  rail  grizzliefl;  manwaya  either  have  a 
trapdoor  of  light  corrugated  iron  or,  where  this  interferes  with  ventilation, 
the  timber  is  carried  up  sufficiently  bo  that  the  top  can  be  covered, 
leaving  an  opening  at  one  end  or  on  the  footside  for  passageway.  This 
opening  is  kept  small  enough  so  that  a  man  cannot  slip  into  it  inad- 
vertently. All  manway  openings  on  levels  have,  in  addition,  a  warning 
red  electric  light. 

Explosives  to  be  used  currently  are  stored  underground  in  suitably 
located  crosscuts,  fitted  with  steel  doors  set  in  masonry.  Fuse  and  caps 
are  similarly  stored  separately.    It  having  been  found  impossible  to 


Fio.  11. — SzLT-CLoeiNO  Gate  Ubbd  at  Shaft  ENTSANCxa. 


prevent  the  practice  of  crimping  the  caps  with  the  teeth,  fuse  is  now 
issued  from  these  underground  stores,  cut  to  desired  length  and  with 
tape  properly  crimped  on  by  the  storekeeper.  The  main  storage  of 
explosives  is  located  some  distance  from  the  property. 

Rock  falls  are  a  principal  cause  of  many  accidents.  As  elsewhere, 
the  main  preventive  is  constant  vigilance  on  the  part  of  the  bosses  com- 
bined with  Buch  cooperation  as  it  is  possible  to  secure  from  the  men. 
This  spirit  of  cooperation  is  obtainable  only  in  a  limited  amount  in 
Mexico,  but  continued  application  will  bring  it  forth  to  a  helpful  extent. 
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Following  are  accident  statistics  per  10,000  shiftSj,  before  and  after 
safety-first  measures  were  undertaken: 


Accidents 

• 

Deatha 

Requiring 
Operation 

Trivial 

Total 

Before 

0.574 

0.334 

1.436 
0.669 

12.067 
8.358 

14.077 

After 

9.361 

NoTB. — Trivial  accidents  include  numerous  bumps,  scratches,  slight  cuts,  etc., 
which  do  not  incapacitate  men  from  working. 


Mining  Costs 

For  convenience  of  comparison  and  of  preserving  complete  records 
in  compact  form,  the  monthly  costs  are  entered  upon  a  tracing  form  from 
which  blueprint  copies  are  taken.  The  system  requires  perhaps  less 
work  than  where  similarly  detailed  costs  are  typewritten,  whereas  the 
advantage  is  obvious  over  any  method  which  does  not  permit  con- 
tinuous column  comparison  of  items. 

Average  costs  are  given  below.  These  do  not  include  recent  results 
which,  because  of  special  influences,  have  been  too  low  to  present  fairly 
what  should  be  obtainable  under  normal  conditions: 

Per  Dry  Short  Ton 

Development ., $0 .  52 

Ore  breaking 1 .47 

Mine  to  mine  bins 0 .  24 

Drainage 0.24 

Surface  expense 0 .  04 

General  expense 0 .  27 

Total  mining  cost S2.7S 

These  results  are  on  the  basis  of  a  daily  production  of  1,000  short 
tons  of  ore  and  may  be  taken  as  fairly  representative  of  the  Pachuca 
district.  In  the  adjoining  Real  del  Monte  district,  lower  costs  are 
obtainable  because  the  harder  walls  permit  the  adoption  of  the  shrinkage 
system  of  stoping  with  consequent  reduction,  if  not  elimination,  of  ex- 
penditure for  square-set  timbering  and  filUng.  At  Santa  Gertrudis,  for 
each  ton  of  ore  extracted,  two-thirds  of  a  ton  of  waste  must  be  supplied 
and  handled  for  filling,  and  17  ft.  board  measure  of  timber  used.  The 
shrinkage  system  affords  another  important  advantage  in  Mexico  by 
providing  a  reserve  of  broken  ore  which  may  be  drawn  upon  more 
heavily  at  times  to  make  up  for  current  deficiencies  due  to  numerous 
feast  days  and  a  relatively  low  constancy  of  labor.    Another  important 
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factor  affecting  local  mining  costs  is  the  light  weight  of  ore  in  place 
and  filling  ore  (old  fills).  The  former  averages  13.6  cu.  ft.  per  ton;  the 
latter  averages  17.2  cu.  ft.  per  ton.  At  Santa  Gertrudis,  the  moisture 
in  the  ore  averages  5.0  per  cent.,  and  filling  ores  represent  65  per  cent,  of 
the  total  tonnage  mined. 

A  fair  grade  of  timber  is  obtainable  at  $20  per  1,000  ft.  board  measure. 
Other  supplies,  if  carefully  purchased  in  quantities,  cost  about  the  same 
as  in  a  mining  district  in  Colorado  or  Nevada. 

Labor  efficiency  is  low,  the  complicated  mining  system  likewise 
adversely  affecting  the  duty  per  man.  Including  all  labor  in  stopes  for 
drilling,  timbering,  filling,  etc.,  1.27  tons  of  ore  per  man-shift  are  broken 
and  placed  in  the  chutes;  based  upon  all  underground  labor,  including 
bosses  and  foreman,  0.687  ton  of  ore  per  man-shift  is  delivered  to  the 
surface. 

Power  is  purchased  at  from  $45  to  $50  per  horsepower-year  from  the 
Mexican  Light  &  Power  Co.  whose  hydro-electric  plant  is  about  75  miles 
away. 

SuKFACB  Transportation 

All  ore  is  delivered  from  the  mine  by  self-dumping  skips,  discharging 
into  surface  ore  bins.  Thence  it  is  transported  to  the  crushing-plant  ore 
bins  by  means  of  belt  conveyors.  Figs.  12  and  13  show  in  plan  the 
conveying  system  from  the  San  Francisco  No.  2  and  San  Guillermo 
shafts  to  the  crusher  bins,  and  also  a  cross-section  of  the  line  from  San 
Francisco  shaft  No.  2. 

Because  of -the  previously  mentioned  free-running  quality  of  the 
ore,  plus  the  unusual  percentage  of  fines  which  reach  the  belts  first  and 
form  a  cushion  or  bed  for  the  larger  rocks,  the  system  operates  with 
minimum  wear  or  trouble.  Hand-operated  sector  gates  are  used  through- 
out, the  chute  lips  being  hinged  and  counterweighted  to  swing  up  from 
the  belt  when  not  in  use. 

On  accoimt  of  re-mining  old  fills,  a  large  amount  of  decayed  wood 
comes  up  with  the  ore  and  is  picked  off  at  the  belts.  Careful  sorting 
tests  have  proved  that  waste  picking  cannot  be  done  at  a  profit.  Under 
close  supervision,  3.5  per  cent,  by  weight  was  picked  off,  averaging 
$0.70  per  ton  at  a  cost  of  $0.30  per  ton  of  waste;  increasing  the  waste 
sorted  out  to  5  per  cent,  resulted  in  an  increase  of  value  to  $1  at  a  cost 
of  $0.40  per  ton  of  waste.  The  actual  cost  of  passing  these  grades  of 
material  through  the  mill,  less  value  recovered,  is  calculated  to  be  lower 
than  the  sorting  cost  plus  recoverable  value  lost.  Therefore,  waste 
sorting  has  not  been  adopted.  Sorting  high-grade  ore  for  shipment  to 
smelter,  because  of  small  quantity  available  as  against  high  milling 
efficiency,  is  not  profitable. 

This  "Mine  Bins  to  Mill  Bins"  cost  has  averaged  $0.02  per  dry  short 
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ton.  Belt  wear  is  exceedingly  low.  Belt  No.  2  (Fig.  12)  is  the  only  one 
which  has  been  replaced  once  against  a  total  of  1,131,708  tons  handled 
to  date.  Belt  No.  1,  originally  installed  and  put  into  operation  in  June, 
1911,  has  handled  691,999  tons  of  ore  and  from  all  appearances  is  good  for 
a  repetition  of  this  duty.  Belts  6  and  7,  a  later  installation,  have  been 
in  operation  since  May,  1913,  handling  a  total  of  439,709  tons  and  showing 
little  wear. 
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Fig.  12. — Plan  Convbtinq  System. 
Fig.  13. — Section  View. 


Milling 


The  milling  business  is  conducted  by  a  separate  organization  on  a 
custom  basis.    The  capacity  of  the  plant  is  1,100  tons  per  day. 

Before  taking  up  details  for  construction  and  operation,  a  condensed 
description  of  the  mill  flow  scheme  (Fig.  14)  will  be  given. 

The  crushing-plant  ore  bins  of  600  tons  capacity  feed  two  No.  6K 
gyratory  crushers,  discharging  to  a  double  screen  14  ft.  long.  The 
oversize  from  the  4-in.  round-hole  screen  passes  by  conveyor  to  the  tube- 
mill  rock-storage  bin,  while  the  imdersize  joins  the  oversize  of  the  2-in. 
round-hole  screen  for  crushing  in  two  No.  4K  gyratory  crushers.  The 
undersize  from  the  2-in.  screen,  together  with  the  discharge  from  the 
secondary  crushers,  is  deUvered  to  a  22-in.  troughed-belt  conveyor, 
equipped  with  a  Merrick  weightometer. 

The  22-in.  conveyor  discharges  over  the  first  one  of  three  Verin 
samplers,  a  5  per  cent,  cut  being  taken  and  stored  in  a  sample  bin  of  15 
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Fid.  14. — Mill  Flow  Sheet. 
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tons  capacity.  The  reject  flows  to  a  30-in.  shuttle-type  flat-belt  conveyor 
for  distribution  into  battery  bins  of  2,000  tons  capacity.  The  first  sample 
cut  is  fed  frorii  the  15-ton  bin  through  a  set  of  26  by  15-in.  rolls  reducing 
to  ^  in.  and  finer,  and  discharging  to  a  second  Vezin  sampler  cutting  out 
10  per  cent,  which  is  delivered  by  a  revolving  Challenge  feeder  to  the 
third  Vezin  taking  a  20  per  cent.  cut.  The  sample  thus  obtained  is 
1  ton  for  each  1,000  tons  milled  and  is  crushed  to  yi  in.  in  a  size  F  gyratory 
crusher,  thereafter  being  cut  down  by  Jones  riffles  and  reduced  in  the 
usual  manner.  Rejects  from  the  second  and  third  Vezin  samplers  and 
from  the  quartering  floor  are  returned  to  the  battery  bins  by  an  8-in. 
elevator. 

The  ore  passes  from  the  battery  bins  through  Hoscur  feeders  to  60 
1,550-lb.  stamps  arranged  in  units  of  10  stamps  each,  20  stamps  beiQg 
driven  by  a  65-hp.  motor,  belted  to  a  jack  shaft;  the  stamps  make  102 
7J^-in.  drops  per  minute;  3-mesh  and  4-mesh  screens  are  used,  the  pulp 
from  the  batteries  flowing  through  split  distributing  launders  to  six 
primary  duplex  Dorr  classifiers,  the  sand  passing  to  six  5  by  16-ft.  tube' 
mills,  fhe  discharges  from  which  are  delivered  to' the  launder  leading  to 
the  secondary  classifiers  by  elevator  or  by  reserve  10  by  64-in.  Frenier 
pumps,  one  pump  to  each  mill.  The  sUme  overflow  from  the  primary 
classifiers  is  laundered  to  eight  secondary  duplex  Dorr  classifiers,  which 
feed  the  sand  to  four  5  by  20-ft.  and  two  5  by  22-ft.  tube  mills,  the  dis- 
charges from  which  are  returned  by  elevator  or  Frenier  pumps  to  the 
classifiers. 

The  slime  overflow  from  the  secondary  classifiers  passes  to  six  primary 
Dorr  thickening  tanks,  35  ft.  diameter  by  15  ft.  deep,  wherein  the  pulp 
is  thickened  from  10  to  1  to  1.5  to  1. 

The  thickened  pulp  is  delivered  to  a  set  of  14  primary  Pachuca  tanks, 
15  by  45  ft.,  operating  in  series;  the  discharge  from  the  last  tank  in  the 
series  is  by  means  of  an  air  lift,  submerged  in  the  tank  itself,  and  deliver- 
ing to  a  launder  where  a  wash  of  four  parts  of  mill  solution  is  applied,  the 
pulp  flowing  to  four  secondary  Dorr  thickening  tanks,  35  by  15  ft., 
wherein  it  is  again  thickened  to  about  1.75  to  1  and  delivered  to  a  set  of  14 
secondary  Pachuca  tanks,  15  by  45  ft.,  also  operating  in  series,  the  dis- 
charge from  the  last  tank  of  the  series  flowing  to  two  35  by  12-ft.  storage 
tanks  equipped  with  mechanical  agitators. 

These  storage  tanks  feed  by  gravity  at  35  lb.  pressure  four  90-frame 
Merrill  filter  presses,  size  of  leaf  4  ft.  by  6  ft.,  width  of  frame  3  in.  The 
tailing  sluiced  from  these  presses  flows  to  four  35  by  15-ft.  Dorr  thicken- 
ing tanks  for  recovery  of  water  before  passing  to  the  tailing  storage 
dams. 

The  pregnant  solution  is  clarified  by  passing  through  four  sand  filter 
tanks,  40  ft.  diameter  by  10  ft.  deep. 

Precipitation  is  effected  by  the  Merrill  zinc-dust  process  in  two 
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circuits,  partial  and  barren^  in  order  to  economize  in  zinc  dust.  Two 
presses  are  in  use  on  the  barren  circuit  and  three  on  the  partial. 

The  precipitate  is  melted  in  a  battery  of  eight  oil-fired  No.  400 
crucible  furnaces  arranged  on  the  arc  of  a  circle  and  served  by  a  radial 
jib  crane,  fitted  with  an  air  cylinder  for  raising  and  lowering  the  pots. 

All  pumping  of  solution  and  water  is  concentrated  in  two  pump 
houses,  one  located  below  the  filter  plant  and  the  other  below  the  precipi- 
tation plant.  The  pumps  are  of  vertical  triplex  plimger  types,  gear- 
driven  by  motors,  and  are  installed  so  that  one  pump  is  in  reserve  for 
two  circuits. 

An  electrically  operated  incUned  tramway  runs  from  the  top  to  the 
bottom  of  the  mill  delivering  material  to  any  floor. 

Details  of  Construction  and  Operation 

Compactness  of  design  was  sacrificed  in  order  to  secure  a  gravity  flow. 
Such  design  was  permissible  owing  to  an  unusually  ample  mill  site  of 
17®  slope,  coupled  with  a  mild  climate  requiring  no  housing  of  tanks. 
Supervision  is  made  easy  because  the  size  of  the  plants  warrants  the  divi- 
sion into  two  departments,  mill  and  cyanide,  and  the  tramway  is  used  by 
the  bosses  in  getting  roimd. 

The  mill  is  electrically  driven  throughout,  50-cycle  alternating 
current  being  distributed  at  440  volts. 

• 
Crushing,  Weighing  and  Sampling 

The  crushing-plant  design  exhibits  no  points  of  special  interest.  The 
elimination  of  elevator  returns  and  the  favorable  character  of  the  ore 
make  the  operation  unusually  easy  and  simple.  Consumption  of  steel 
liners,  etc.,  is  almost  negligible.  The  6K  gyratory  crushers,  driven  by 
30-hp.  motors,  take  only  15  hp.  each.  This  is  again  due  to  the  character 
of  the  ore  and  the  large  percentage  of  fines  which,  if  the  ore  had  greater 
abrasive  quality,  it  might  pay  to  screen  out  beforehand. 

An  ample  supply  of  mine  rock,  over  4  in.  in  size,  for  use  in  the  tube 
mills  in  place  of  pebbles,  is  obtained  cheaply  from  the  revolving-screen 
oversize  as  described  above. 

The  Merrick  weightometer  is  checked  weekly  against  a  weighed 
quantity  of  ore,  the  average  error  being  well  under  1  per  cent.  Current 
weighings  are  corrected  by  the  weekly  factor  thus  obtained. 

Particular  attention  is  paid  to  securing  an  accurate  sample  of  the 
ore  delivered  to  the  mill.  Ordinarily  two  classes  of  ore  are  sampled 
separately  each  day.  The  rejects  from  these  two  are  thoroughly  mixed 
and  quartered  down,  to  make  the  mixture  sample  for  the  day.  The 
calculated  average  assay  of  the  two  class  samples  checks  very  closely  the 
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assay  results  of  the  mixture.    The  usual  samples  are  taken  for  moisture, 
which  averages  about  5.0  per  cent. 

Stamping  and  TiAe  MUling 

The  design  of  the  stamp  battery  follows  standard  lines  except  in  s  few 
minor  details.    The  mortar-box  foundation  bolts  are  crossed  as  shown  in 


Fia.  15. — Stamp  Mill.    Sectional  V»w. 

Fig.  15,  thereby  permitting  a  broken  bolt  to  be  removed  easily;  none  has 
broken  thus  far.  A  travehng  crane,  as  well  as  a  crawl,  installed  with  the 
building,  was  found  very  useful  in  erecting  the  battery  and  in  making 
subsequent  current  repairs. 

The  stamp  duty  averages  21.1  tons  through  3-mesh  and  4-me8h 
screens.  Crushing  is  in  mill  solution,  10  parts  of  solution  to  1  of  ore. 
Screen  wear  is  of  no  importance.    Steel  wear  per  ton  is:    Shoes  0.16 
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lb.,  dies  0.08  lb.,  liners  &.60  lb.  Life  of  shoes,  9^  in.  diameter  by  14  in. 
long,  averages  90  days;  of  dies  97  days;  of  liners  43  days.  Shoes  and  dies 
are  forged  steel.  Liners  are  cast  iron  made  locally.  Manganese-steel 
liners  have  been  tried,  but  the  cost  pqr  ton  crushed  was  considerably 
higher.  The  65-hp.  motors,  each  driving  20  stamps,  are  overloaded  about 
8  per  cent. 

A  trial  was  made  of  introducing  the  battery  solution  through  nozzles 
in  the  back  of  the  mortar  box  above  the  dies,  but  without  success.  Sta- 
tionary screens  placed  between  the  feeder  and  the  mortar  box  to  take  out 
fines  were  also  tried  and  abandoned,  the  benefit  being  doubtful  while 
requiring  more  supervision. 

Average  screen  analyBes  of  feed  and  discharge  of  the  stamp  battery, 
equipped  with  3-mesh,  No.  32  wire  screens,  are: 


Feedt  Per  Cent. 

Disoharge,  Per  Cent. 

Inches 

+  2 

0.6 

+  1 

18.4 

+  H 

13.8 

+  h 

8.0 

Mesh 

+     4 

18.7 

4.0 

+     8 

11.6 

16.3 

+  10 

1.8 

7.6 

+  20 

8.6 

14.8 

+  30 

3.9 

8.1 

-h  40 

1.4 

4.4 

+  60 

2.2 

6.7 

+  80 

2.0 

6.2 

+100 

0.6 

2.7 

+120 

0.8 

3.2 

+160 

0.4 

1.7 

+200 

0.2 

2.7 

-200 

6.9 

21.2 

99.6 

99.6 

Distribution  of  the  pulp  from  the  battery  to  the  primary  classifiers 
by  means  of  split  launders  could  be  improved  by  a  mechanical  distributor 
of  one  of  the  successful  revolving  types. 

The  classifier  platforms  were  built  on  an  incline  to  save  headroom  over 
the  tube-mill  gears  as  well  as  to  follow  the  slant  of  the  classifiers.  Returns 
to  the  classifiers  from  the  tube  mills  are  by  elevators  with  individual 
Prenier  pimips  as  reserves.  A  better  design  following  later  practice  would 
be  to  effect  such  returns  by  means  of  the  classifiers  themselves. 

Tube-mill  grinding  is  done  in  two  stages,  using  5-ft.-diameter  mills 
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throughout,  the  primary  series  being  16  ft.  long  and  the  secondary  series 
20  ft.  and  22  ft.  Comparison  of  this  system  with  single-stage  grinding  has 
failed  to  show  conclusive  results  in  its  favor,  although  a  slight  benefit  is 
apparent.  This  benefit  is,  however,  insufficient  to  warrant  a  repetition  of 
this  refinement  of  design  unless  in  conjimction  with  water  concentration 
not  required  with  this  ore. 

Danish  flint  pebbles  were  used  for  a  considerable  period,  but  their 
increasing  cost  led  to  the  adoption  of  mine  rock  entirely  to  replace  the 
pebbles.  The  mine  rock  supply  is  obtained  mechanically  in  the  crushing 
plant  as  described  and  is  sent  separately  over  the  regular  conveyors  to  a 
compartment  in  the  battery  bin  from  which  it  is  transferred  by  chute  to 
the  primary  tube-mill  floor  where  it  is  distributed  by  car.  Part  of  the 
rock  is  introduced  into  the  mill  through  the  feeder.  As  the  trunnion 
opening  of  the  mills  is  not  as  large  as  it  should  be,  rocks  over  5  in.  in  size 
as  well  as  occasional  large  boulders,  12  to  15  in.,  required  in  the  primary 
mills  for  efficient  grinding,  are  loaded  into  the  mills  through  the  manholes 
once  a  day;  130  lb.  of  mine- rock  are  required  for  each  ton  of  ore  milled 
and  are  credited  to  the  total  tonnage  treated. 

Tests  are  now  in  hand  using  cast-iron  balls  in  place  of  mine  rock. 
Results  thus  far  obtained  indicate  a  capacity  increase  of  33  per  cent,  with 
finer  grinding.  Power  load  shows  an  increase  of  33  per  cent.,  from  65  to 
90  hp.  per  mill.  Forged-steel  balls  ordinarily  used  for  such  grinding  were 
hot  obtainable  but  it  is  quite  probable  that  chilled  cast-iron  or  semi-steel 
balls  and  liners  will  prove  more  economical,  taking  into  accoimt  the  low 
cost  of  locally  made  castings,  2.5  c.  per  pound,  as  against  high  first  cost 
plus  importation  expenses  of  steel  balls.  Ball  wear  is  1.7  lb.  per  ton 
milled.  Tube-mill  liners  are  modified  El  Oro  type,  of  hard  cast  iron,  the 
average  life  being  6  months;  cost  2.2  c.  per  ton  of  ore  milled. 

The  motor  driving  each  mill  through  a  flexible  coupling  and  one 
reduction  of  spur  gearing  is  of  high  torque  induction  type,  65-hp.,  230 
r.p.m.  AJlis  Chalmers  make.  Its  ample  design  easily  carries  the  overload. 
But  the  power  factor  of  this  motor  is  low,  75  per  cent.,  and  an  improve- 
ment would  be  to  use  a  higher-speed  motor  with  a  single  reduction  of 
herringbone  gearing. 

The  economical  grinding  point  is  taken  at  75  per  cent,  through  200- 
mesh.  Table  2  gives  screen  tests  of  feed  and  discharge  of  primary  and 
secondary  tube  mills,  using  mine  rock  and  at  a  plant  capacity  of  1,000 
tons  per  day. 

Agitating 

An  extraction  of  55.5  per  cent,  of  the  gold  and  18.6  per  cent,  of  the 
silver  takes  place  in  the  mill  before  the  pulp  reaches  the  Pachuca  tank 
system. 
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Table  2. — Screen  Tests  of  Tvbe-Mill  Feed  and  Discharge 


M«h 

Primarv  Feed, 
Percent.* 

Tube  MUl  Die- 
charge,  Per  Cent. 

Seoondary  Feed, 
Per  Ce&t.t 

Tube  MiU  Die- 
charge,  Per  Cent. 

+    4 

13.9 

0.2 

0.8 

1.6 

+    8 

22.8 

4.5 

0.5 

0,1 

+  10 

8.6 

2.2 

0.4 

0.2 

+  20 

20.6 

8.5 

1.6 

0.2 

+  30 

11.8 

10.9 

3.4 

0.7 

+  40 

4.7 

4.8 

3.3 

1.0 

+  60 

8.0 

12.1 

17.5 

10.8 

+  80 

1.9 

10.2 

9.6 

5.6 

+100 

1.6 

5.2 

11.4 

10.3 

+120 

1.6 

6.6 

17.6 

15.5 

+150 

0.7 

4.0 

9.5 

11.8 

+200 

0.8 

5.7 

8.4 

11.2 

-200 

2.6 

25.0 

15.6 

30.7 

99.4 

99.8 

99.6 

99.7 

*  Moisture,  35  to  40  per  oent.  Operating  without  return,  175  tona  of  ore  paaa  through  tube  mill 
per24hr. 

t  McHsture,  35  to  40  per  cent.  Operating  with  return,  in  closed  circuit,  200  tone  of  ore  paea  through 
mill  per  24  hr. 


Meah 
+100 
+120 
+160 
+200 
-200 


Secondary  Classifier  Overflow 
(FiniBhed  Product  of  Mill) 


Per  Cent. 
3.8 

5.7 

5.5 

9.5 

75.1 


99.6 


Cyanide  of  sodium,  either  128  or  120  per  cent,  as  obtainable,  in  lump 
or  in  brick  form,  is  added  at  the  first  tank  of  the  primary  series,  at  the 
rate  of  4  g.  sodium  cyanide  for  each  gram  of  silver  in  the  ore  delivered  to 
the  mill.  The  sodium  cyanide  consumed  is  3.15  lb.  per  ton,  including 
mechanical  loss.  The  strength  of  solution  at  the  beginning  of  agitation 
is  0.55  per  cent.  KCN;  of  the  mill  solution,  0.4  per  cent. 

Protective  alkalinity  is  maintained  at  about  0.75  per  cent.;  the  lime, 
fed  dry  into  the  ore  at  the  crushing  plant,  is  low-grade,  averaging  about 
65  per  cent,  available,  the  consumption  being  20  lb.  per  ton.  Arrange- 
ments are  in  hand  to  improve  the  method  of  feeding  by  emulsifying  the 
lime,  adding  it  either  to  the  primary  tube  mills  or  to  the  Pachuca  tanks. 

Crude  litharge,  between  85  and  90  per  cent.  PbO,  adopted  in  place 
of  lead  acetate  as  both  cheaper  and  more  efficient,  is  ground  in  a  small 
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tube  mill,  24  in.  diameter  by  37  in.  long,  discharging  into  the  first  Pachuca 
tank  at  the  rate  of  0.6  lb.  per  ton  of  ore. 

The  best  results  are  obtained  with  72  hr.  agitation  although  60  hr. 
give  within  2  per  cent,  as  high  extraction.  The  air  pressure  is  27  lb., 
75  cu.  ft.  per  minute  being  required  for  each  tank. 

No  difficulty  has  been  experienced  with  the  series  operation  of  the 
Pachuca  tanks.  Connections  between  tanks  are  made  by  10-in.  hori- 
zontal pipes,  located  3  ft.  from  the  top,  the  joint  between  two  abutting 
pipes  being  made  leak  proof  by  a  wrapping  of  tarred  canvas.  This  joint 
takes  up  the  tank  vibration  and  effects  an  easy  connection. 

To  avoid  imdue  accumulation  of  slime  on  the  inside  of  the  tanks,  they 
are  emptied  and  sluiced  down  once  a  month.  This  operation  requires 
about  3  hr.  per  tank,  using  a  3-in.  Traylor  slime  pump  for  the  return. 

Screen  tests  of  the  inflow  and  outflow  of  the  system  are  practically 
identical,  showing  that  there  is  no  segregation  or  short-circuiting  of  sand 
or  slime. 

Filtering 

This  step  in  the  process  is  fairly  difficult,  due  to  fine  grinding  of  ore 
containing  a  considerable  amount  of  colloidal  matter.  Also,  the  dissolved 
values  in  the  pulp  to  the  filters  are  high,  3.5  oz.  silver  per  ton  of  solution. 
After  extended  working-scale  tests  of  several  types  of  vacuum  and  pres- 
sure filters,  Merrill  presses  were  adopted,  using  the  center  system  of 
filling. 

A  press  cycle  occupies  75  min.  made  up  of: 

Min. 

Charging 26 

Barren  solution  wash 13 

Water  wash 13 

Sluicing 23 

75 

Bristol  recording  pressure  gages  are  attached  to  the  filling  pipe  of 
each  press,  the  cycle  curves  from  the  chart  giving  an  excellent  check  upon 
the  care  taken  by  the  attendants  in  operating  the  presses.  The  sluice 
valve  bar  and  the  filling  valves  are  electrically  connected  so  that  both 
cannot  be  coincidently  opened  without  ringing  an  alarm  bell.  The  cakes 
average  134  ^-  ^  thickness,  thereby  leaving  J^  in.  space  in  the  center  of 
the  3-in.  frame  for  entrance  of  washes.  Dry  pulp  handled  per  cycle, 
14.5  tons. 

Sluicing  watier  is  at  90  lb.  pressure  and  five  parts  are  required  to  clean 
out  a  press.  The  bulk  of  this  water  is  recovered  in  dewatering  tanks  as 
explained  heretofore. 

No.  6  cotton  duck,  72  in.  wide,  is  used  regularly,  after  extensive  trial 
of  several  other  weights.    A  set  of  cloths  lasts  about  2,500  cycles.    Acid 
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waflhing  to  remove  lime  is  done  in  the  press  every  10  days,  using  a  0.75 
per  cent,  sulphuric  acid  solution. 

Much  care  is  taken  with  the  nozzles  of  the  sluice  bar.  The  bar  of 
each  press  is  taken  out  and  tested  every  48  hr.,  any  defective  nozzles 
being  replaced.  Nozzles  are  ordinary  3^-in.  cast-iron  plugs,  drilled  ^e- 
in.  hole;  these  last  practically  as  long  as  special  steel  nozzles  and  are  very 
much  cheaper. 

The  unwashed  values  in  the  press  discharge  average  a  trace  of  gold 
and  0.08  oz.  silver,  showing  an  efficiency  of  97.7  per  cent. 

Clarifying  Solutions 

All  solutions  to  be  precipitated  are  first  passed  through  ordinary 
sand  filter  tanks.  The  addition  of  about  40  per  cent,  by  volume  of  saw- 
dust to  the  sand  considerably  improves  the  clarifying  efficiency  of  the 
filtering  medium  and  at  the  same  time  reduces  the  frequency  of  slime 
skimming  and  sand  cleaning.  The  latter  operation  is  effected  by  shovel- 
ing the  sand  from  the  tank  to  a  launder  leading  to  a  small  trommel  where 
the  sand  is  washed  free  of  slime,  with  small  loss,  and  returned  for  re-use. 

In  this  way,  4,500  tons  of  solution  are  filtered  daily  at  a  costof  0.28  c. 
per  ton  of  solution.  Possibly  Merrill  clarifying  presses  would  be  an 
improvement,  although  no  comparative  figures  are  available.  At  any 
rate,  the  existing  equipment  does  the  work  efficiently  and  cheaply, 
with  little  supervision  required. 

Precipitating 

The  Merrill  zinc-dust  process  of  precipitation  has  in  every  way  justi- 
fied its  adoption.  Its  efficiency,  safety,  cleanliness,  etc.,  compared  to  the 
anc-shaving  method  are  too  widely  known  to  need  further  elucidation 
here.  The  ease  and  rapidity  with  which  a  cleanup  can  be  made  gives  it 
a  further  special  advantage  in  a  good-sized  mill  treating  silver  ores  with 
the  consequent  considerable  production  of  precipitate.  Formerly  the 
process  enjoyed  the  further  advantage  of  a  lower  price  for  zinc  dust  than 
for  zinc  shavings;  the  difference  now  is  practically  negligible. 

The  solution  from  the  sand  filters  averages  0.015  oz.  gold  and  3.0 
01.  silver.  Two  circuits  are  maintained,  one  precipitating  to  barren 
solution,  sufficient  for  the  filter  press  washing,  and  the  other  circuit  to  an 
effluent  containing  from  0.9  to  1.2  oz.  silver  per  ton.  To  accomplish  this 
a  slight  excess  of  zinc  dust  is  fed  to  the  barren  circuit  in  the  proportion  of 
1.1.  oz.  zinc  dust  to  1.0  oz.  fine  bullion;  to  the  partial  circuit  0.8  to  1.0. 
The  average  zinc  consumption  of  the  plant  is  1.0  oz  to  1.0  of  fine 
bullion. 

Cleanups  made  at  the  middle  and  end  of  month  and  sometimes  oftener, 
provide  an  accurate  check  on  current  work. 
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Melting 

The  only  drying  given  the  precipitates  is  by  blowing  air  through  the 
presses  at  25  lb.  pressure  for  1  hr.,  reducing  the  contained  moisture  to 
about  30  per  cent.  The  precipitate  is  cleaned  from  the  presses  into 
rectangular,  steel  cars,  5  ft.  10  in.  by  6  ft.  4  in.  by  1  ft.  deep,  in  which  it  is 
weighed.  Based  upon  the  calculated  dry  weight  of  the  precipitate,  flux 
consisting  of  1^  per  cent,  each  of  borax  and  bottle  glass,  is  added  on  top 
without  mixing,  and  the  charge  is  then  shoveled  from  the  car  into  No. 
400  crucibles.  To  permit  the  introduction  of  a  high  column  of  precipi- 
tate, a  discarded  pot  with  the  bottom  out  is  temporarily  fitted  into  the 
crucible,  being  removed  after  the  charge  has  melted  down.  This  pro- 
cedure reduces  dust  losses  and  accelerates  charging  and  melting. 

The  eight  furnaces  (Fig.  16)  are  oil-fired,  built  flush  with  the  floor 
of  the  melting  room,  on  the  arc  of  a  circle  with  fire  pit  at  rear.  This 
arrangement  has  proved  very  satisfactory  and  is  to  be  recommended 
as  convenient  and  labor  saving. 

The  crucible,  upon  being  lifted  from  the  furnace  by  tongs  attached  to 
3^-in.  wire  cable  raised  or  lowered  by  air  cylinder  on  the  post  of  the  jib 
crane,  is  swung  around  to  one  side  to  the  pouring  carriage  containing  the 
bullion  molds.  The  slag  is  first  skimmed  off,  using  sand  to  assist  in  this 
operation.  As  the  bars  are  poured,  sticks  of  wood  are  laid  on  top  and, 
igniting,  prevent  too  rapid  cooling  of  the  center  of  the  bar  with  the 
consequent  subsidence  and  holing. 

The  precipitate  averages  85  per  cent,  fine  bullion;  the  Dot6  bars  weigh 
1,000  oz.  and  assay  5.0  gold  and  940  silver  fine.  The  No.  400  crucibles 
contain  an  average  of  seven  bars  per  melt  with  a  maximum  of  10  bars. 
The  average  life  of  a  crucible  is  10  melts  or  70  bars. 

With  bullion  of  this  fineness,  no  difficulty  with  matte  formation  is 
experienced.  The  bars  are  carefully  cleaned  and  all  chips  and  comeis 
removed  before  sampling  and  weighing.  Drill  samples  are  taken,  one 
on  the  top  of  the  bar,  one-third  the  distance  along  the  diagonal  toward  the 
center,  and  one  on  the  bottom  of  the  bar  at  one  corner;  each  hole  is  drilled 
halfway  through  the  bar. 

The  bullion  was  formerly  refined  by  a  French  concern  in  Mexico 
City,  the  fine  gold  being  sold  to  the  Mexican  Government  and  the  fine 
silver  shipped  for  sale  in  New  York  or  London.  The  refinery  has  been 
closed  down  since  the  outbreak  of  the  war  in  Europe,  so  that  the  DorS 
bars  are  now  refined  and  sold  in  New  York  or  London. 

Melting  the  precipitate  in  an  electric  furnace,  built  after  the  Alaska- 
Treadwell  and  Lluvia  de  Oro  design,  is  under  trial.  Alternating  current 
at  120  volts  is  used,  the  input  being  about  600  amp.  working  at  full  heat. 
Trouble  has  been  experienced  with  dusting  and  with  burning  a  hole 
through  the  bottom  of  the  furnace;  a  renewable  iron  plug  (Fig.  17)  may 
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ppovidfi  a  convenient  remedy  for  the  latter.  The  duBting  is  probably 
due  to  the  precipitate  being  wet,  the  intense  heat  at  the  electrode  settisg 
up  a  center  draft  of  steam  and  air.  Either  the  precipitate  should  be 
dried  or  some  dust-collecting  apparatus  attached  to  the  furnace  top. 
The  advantages  of  this  system  over  the  oil-^ed  crucible  method  of  melt- 
ing are  rapidity  of  melting  and  discontinuance  of  the  use  of  crucibles  and 
oil,  both  of  which  require  a  long  distance  haul;  no  data  are  available  yet 
as  to  the  comparative  economy. 


Fio.  17. — Electric  Mbltinq  Fubkacz. 
Tailing  Disposal 

As  previously  described,  the  tailing  sluiced  from  the  Merrill  filter 
presses  passes  through  four  Dorr  thickening  tanks  for  recovery  of  water 
aAd  is  then  automatically  sampled  before  flowing  to  the  storage  basins. 
These  basins  or  ponds,  four  in  number,  are  located  on  the  nearest  flat  land 

2  miles  away.    The  ditch  thereto  was  dug  U-shaped,  2}^  ft.  deep  with  a 

3  per  cent,  grade;  l}^  per  cent,  grade  would  suffice. 

The  walls  of  the  storage  basins  are  built  up  as  required  of  tailing  mud, 
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one  baain  receiving  the  entire  inflow  while  the  others  are  being  prepared. 
Evaporation  and  particularly  absorption  of  the  solution  are  high,  the 
decanted  effluent  representing  only  30  per  cent,  of  the  solution  inflow. 

This  solution  contains  an  average  of  a  trace  of  gold  and  0.12  oz.  silver, 
representing  filter  losses  and  further  dissolved  values.    A  small  precipita- ' 
tion  plant  is  being  arranged  to  recover  this  escaping  fraction. 

Construction  Costs 

On  the  basis  of  1,100  tons  daily  capacity  the  total  cost  of  the  plant  was 
$792  per  ton  capacity.  This  covered  first-class  construction  methods 
throughout,  designed  for  long  Ufe  with  minimum  maintenance  and 
renewals*  A  comparatively  excessive  amount  of  equipment  was  required 
due  to  fine  grinding  and  especially  to  length  of  treatment  necessary  for  a 
silver  ore,  resulting  in  unusually  large  tankage.  On  the  other  hand,  the 
all-sliming  design  without  concentration  simplified  operations  and 
eliminated  the  installation  of  concentration  equipment. 

Experimental  Work 

Aluminum  Dust  Precipitation* 

Upon  the  publication  of  results  obtained  at  Nipissing  with  desul- 
phurization  and  aluminum-dust  precipitation,  similar  experiments  were 
undertaken.  Desulphurization,  as  was  to  be  expected,  gave  no  beneficial 
results  on  Santa  Gertrudis  ore,  which  contains  no  tellurides,  arsenides, 
etc.  On  the  other  hand,  aluminum-dust  precipitation  showed  a  con- 
siderable improvement  over  the  zinc-dust  method  and  its  adoption  has 
only  been  delayed  by  war  conditions  practically  having  put  aluminum 
dust  off  the  market.  Comparison  of  the  two  methods  was  based  upon 
nonnal  prices  of  aluminum  and  zinc  dust  of  30  c.  and  7  c.  per  pound, 
respectively. 

As  practically  all  the  existing  equipment  can  be  used  very  conveniently 
in  the  aluminum-dust  process,  the  problem  as  worked  out  depends  for 
conunercial  success  upon  an  economical  method  of  converting  the  lime 
in  solution,  added  during  milling  for  neutraUzing  and  settling,  into 
calcium  carbonate  with  the  formation  of  the  necessary  caustic  soda  as  a 
product  of  this  reaction,  all  prior  to  precipitation  by  aluminum-dust. 
Any  lime  present  in  solution  during  precipitation  will  be  converted  to 
calcium  aluminate,  lowering  the  grade  of  the  precipitate  and  causing 
difficulty  in  melting.    The  conversion  and  elimination  of  lime  can  be 


*  Tests  conducted  at  mill  by  A.  W.  Hahn. 
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.accomplished  by  the  addition  of  carbonate  or  bicarbonate  of  soda,  as 
follows:* 

Ca(0H)2  +  NajCOa  =  CaCOs  +  2NaOH 
Ca(0H)2  +  NaHCOa  =  CaCOa  +  NaOH  +  HjO 

In  place  of  commercial  carbonate  or  bicarbonate  of  soda,  laboratoiy 
tests  showed  the  probable  successful  use  of  an  impure  local  product 
known  as  "Tequesquite,"  obtained  from  the  dried-up  bed  of  Lake  Tex- 
coco  and  containing  approximately  56  per  cent,  carbonate  and  bicar- 
bonate of  soda  in  about  equal  quantities.  In  practice,  the ''  Tequesquite" 
solution  would  be  added  to  the  pulp  flowing  to  the  collecting  tanks  above 
the  Merrill  filter  presses. 

In  experimental  work,  the  aluminum-dust  precipitate  yields  a  bullion 
975  fine.  The  consumption  of  aluminum  dust  was  about  one-third  that 
of  zinc  dust,  or  0.34  oz.  to  1.0  oz.  fine  bullion. 

The  gUghtly  increased  cost  per  ton  of  ore  of  aluminum  dust  is  more 
than  offset  by  decreased  chemical  consumption  of  cyanide,  the  net 
saving  being  calculated  at  $0.15  per  ton  of  ore. 

Electrolytic  Regeneration  of  Cyanide^ 

Prior  to  the  favorable  conclusions  reached  in  the  aluminum-dust 
tests,  a  lengthy  investigation  was  conducted  in  the  regeneration  of 
cyanide  in  the  mill  solution  by  electrolysis. 

Anything  like  a  comprehensive  description  of  this  interesting  work 
cannot  be  taken  up  here  and  only  the  important  features  will  be  outlined. 

The  principal  difficulty  presented  was  in  finding  an  anode  of  high 
conductivity  that  would  not  dissolve  or  disintegrate.  Graphite,  lead, 
plumbago,  carbon,  charcoal,  magnetite,  peroxidized  lead,  were  tried  with- 
out much  success.  An  alloy  of  lead  with  6  to  9  per  cent,  antimony  was 
finally  selected  as  fairly  satisfactorily  filhng  the  requirements.  The 
following  conclusions  were  then  worked  out: 

1.  The  solution  to  be  treated  by  electrolysis  must  be  barren  of  gold 
and  silver  to  avoid  their  precipitation.     The  question  of  enlarging  the 


*  For  chemistry  and  details  of  aluminum-dust  process  refer  to : 

E.  M.  Hamilton:  Aluminum  Precipitation  at  Nipissing,  Engineering  and  Mining 
Journal,  95,  No.  19,  p.  935  (May  10,  1913). 

E.  M.  Hamilton:  Engineering  and  Mining  Joumalf  vol.  99,   No.   13,  p.  568 
(March  27,  1915). 

S.  F.  Kirkpatrick:  Aluminum  Precipitation  at  Deloro,  Ontario,  Engineering  and 
Mining  Journal,  vol.  95,  No.  26,  p.  1277  (June  28,  1913). 

James  Johnston:  The  Mill  and  Metallurgical  Practice  of  the  Nipissing  Mining  Co., 
Ltd.,  Cobalt,  Ont.,  Canada,  Trans,  vol.  48,  p.  3  (1914). 

G.  H.  Clevenger:  The  Mill  and  Metallurgical  Practice  of  the  Nipissing  Mining 
Co.,  Ltd.,  Cobalt,  Ont.,  Canada,  Trans,,  vol.  49,  p.  156   (1914), 

*  Tests  conducted  at  mill  by  A.  W.  Hahn. 
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scope  of  the  process  to  include  electrolytic  precipitation  of  gold  and  silver 
was  also  investigated  separately,  as  hereinafter  discussed. 

2.  The  regeneration  of  cyanide  takes  place  at  the  cathode,  ^ith  a 
destruction  of  cyanide  at  the  anode  which  may  be  principally  overcome 
by  maintaining  a  high  protective  alkalinity  at  the  anode. 

3.  A  porous  diaphragm  such  as  canvas  separating  the  anode  and 
cathode  assists  in  maintaining  an  alkaline  anolyte,  circulation  of  anolyte 
and  catholyte  being  accomplished  individually. 

4.  Power  consumption  is  affected  by  resistance  of  electrodes,  electro- 
lyte and  diaphragm,  by  temperature  and  circulation  rate  of  electrolyte, 
and  by  spacing  of  electrodes. 

5.  The  voltage  drop  per  cell,  at  a  current  density  of  15  amp.  per 
square  foot  of  anode  surface,  treating  barren  solution  containing  0.5 
per  cent,  total  KCN  and  0.115  per  cent.  CaO,  with  canvas  diaphragm 
and  electrodes  spaced  1^  in.  apart,  is  6  volts  at  70^  F.  Under  these 
conditions  the  solution  flow  should  be  at  least  0.25  gal.  per  square  foot 
of  anode  surface. 

6.  The  deposit  on  the  cathode  analyzed  71  per  cent,  zinc,  with  im- 
purities of  copper,  iron,  arsenic  and  organic  matter.  The  recovery  of 
this  zinc  might  be  turned  to  some  commercial  advantage. 

7.  The  reaction  representing  the  regeneration  of  cyanide  is  pre- 
sumably as  follows: 

Na2Zn(CN)4  +  Ca(0H)2  +  Current  =  2NaCN  +  Ca(CN)2  +  Zn  + 

H2O  +  0. 

8.  The  net  reduction  of  cost  was  estimated  at  $0.12  per  ton  of  ore. 
The  equipment  outlay,  however,  proved  to  be  several  times  greater  than 
that  required  to  convert  the  precipitation  plant  to  the  use  of  aluminum 
dust  and  as  the  latter  process  at  the  same  time  indicated  a  somewhat 
larger  cost  reduction  without  further  complexities  of  plant,  its  adoption 
in  place  of  regeneration  was  decided  upon. 

Electrolytic  Precipitation  and  Regeneration 

Following  the  experience  gained  in  the  experiments  with  regeneration 
above  described,  the  next  step  was  to  endeavor  to  combine  with  it  the 
electrolytic  precipitation  of  gold  and  silver  from  solution. 

Difficulty  was  encountered  in  obtaining  a  coherent  cathode  deposit. 
It  was  foimd  uneconomical  to  attempt  a  complete  precipitation,  the 
limit  of  commercial  work  being  about  1.3  oz.  silver  remaining  in  solution. 
Plant  cost  would  be  high.  Altogether  the  proposition  did  not  present 
sufficiently  attractive  possibilities  to  warrant  following  it  up  very 
thoroughly.  With  the  perfection  of  the  diaphragm  cell  it  is  probable 
that  both  precipitation  and  regeneration  electrolytically  could  be  worked 
out  to  a  fair  success. 
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Electrolytic  Refining  of  Precipitate 

A  preliminary  investigation  has  been  made  of  electrolytic  refining 
of  precipitate  from  the  present  zinc-dust  installation.  The  chief  dif- 
ficulties to  be  overcome  are  resistance  of  the  precipitate  to  the  current, 
purification  of  the  electrolyte,  .high  acid  consumption  due  to  impurities, 
and  refining  and  melting  of  the  gold  slime. 

• 
Flotation  Concentration 

As  previously  stated,  the  ore  is  clean  with  only  small  quantities  of 
base  metals.  A  representative  analysis  is:  Au,  0.067  oz.;  Ag,  12.0  oz.; 
Pb,  0.10  per  cent.;  Cu,  0.20;  Zn,  0.15;  Fe,  4.40;  SIO,,  86.67;  S,  1.0  percent. 

Most  of  the  silver  is  present  as  argentite,  AgsS— 0.05  per  cent.  It 
is  evident,  therefore,  that  little  benefit  in  recovery  is  to  be  expected  by 
gravity  concentration.  At  the  time  of  building  the  plant  complete 
experiments  were  conducted  on  a  working  scale,  the  recovery  by  con- 
centration representing  from  8  to  10  per  cent,  of  the  value  of  the  ore. 
This  did  not  justify  the  installation  of  gravity  concentrating  equipment 
plus  added  cost  of  operation  as  against  direct  cyaniding. 

The  growing  success  of  flotation  concentration  in  the  United  States 
led  naturally  to  local  investigation  of  the  problem,  which  though  still  in 
a  laboratory  stage,  already  shows  encouraging  results.  If  the  process  is 
worked  out  to  a  commercial  success,  a  detailed  description  of  results 
should  be  of  interest.  Meanwhile  a  summary  of  preliminary  conclusions 
is  given: 

1.  A  large  variety  of  vegetal  and  mineral  oils  have  been  tested,  the 
best  results  thus  far  having  been  obtained  with  one-third  pine  oil  or  wood 
creosote  and  two-thirds  Mexican  gas  oil,  such  as  is  used  locally  in  the 
oil-fired  melting  furnaces.  The  pine  oils  and  wood  creosote  tried  are 
imported,  but  doubtless  satisfactory  substitutes  can  be  made  near  at 
hand.  Several  coal  tars  and  a  number  of  Mexican  oil  field  products 
remain  to  be  tested. 

2.  The  addition  of  acid  shows  no  particular  benefit.  A  slight 
alkahnity  not  exceeding  0.03  lb.  lime  per  ton  solution  is  satisfactory. 

3.  Heating  the  solution  does  not  materially  improve  results. 

4.  The  flotation  tailing  is  cyanided  readily,  the  presence  of  the  small 
quantity  of  oil  having  no  deleterious  effect. 

5.  The  raw  flotation  concentrate  cyanides  with  no  more  difficulty 
than  a  gravity  concentrate;  the  cyanide  consumption  maintains  more 
or  less  the  same  ratio  as  in  the  crude  ore,  viz. :  4  g.  sodium  cyanide  per 
gram  of  silver;  ^  98  per  cent,  extraction  of  gold  and  silver  in  the  con- 
centrate is  obtainable. 

6.  In  the  small  laboratory  machines  without  cleaning  cells,  a  recoveiy 
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by  flotation  of  65  to  70  per  cent,  can  be  made  at  a  ratio  of  concentration 
of  between  80  and  90  to  1. 

7.  In  the  100-ton  trial  plant  now  under  constructioni  equipped  with 
middling  returns  and  cleaning  cell,  it  is  expected  that  these  results  can 
be  improved. 

8.  It  is  possible,  though  not  certain,  that  flotation,  even  with  this 
dean  ore,  may  replace  cyanidation  to  a  large  extent. 

Power 

The  Pachuca  district  is  supplied  with  electric  power  generated  by 
several  hydro-electric  plants  owned  by  three  power-distributing  com- 
panies, practically  under  one  control.  The  main  plant,  owned  by  the 
Mexican  Light  &,  Power  Co.  and  located  at  Necaxa,  Puebla,  about  75 
miles  by  transmission  line  to  the  east,  also  furnishes  energy  for  Mexico 
City  and  El  Oro.  The  50-cycle  alternating  current  is  transmitted  at 
85,000  volts  to  the  Pachuca  substation  where  it  is  stepped  down  to  20,000 
and  6,000  volts  for  local  distribution.  The  power  is  sold  at  the  substa- 
tion of  the  purchaser  on  the  basis  of  integrating  wattmeter  readings,  no 
peak  or  installation  loads  being  considered.  A  power  factor  of  at  least 
80  to  85  per  cent,  is  required  of  the  purchaser  and  prices  vary  from  $42.50 
to  150  per  horsepower-year,  depending  on  amount  consumed. 

Although  most  of  the  mines  are  wet,  there  are  no  reserve  steam  plants 
in  the  district,  with  the  exception  of  a  relatively  few  old  steam  hoists  that 
could  be  used  for  baling  in  an  emergency.  Nevertheless,  the  several 
widely  separated  hydro-electric  plants  with  individual  transmission  Unes 
provide  a  very  reliable  power  supply. 

General  Rbmabks 

As  can  be  imagined,  operating  conditions  in  Mexico  during  the  past 
several  years  have  been  subjected  to  many  unusual  difficulties,  although 
the  Pachuca  district  perhaps  has  been  as  fortunate  as  any  in  maintain- 
ing a  fair  rate  of  work.  This  has  been  due  principally  to  its  advantageous 
geographical  location,  nimierous  railroad  connections  and  steady  power 
service.  Added  to  these  favorable  factors,  there  has  been  cooperation 
among  the  mining  companies  and  a  considerable  resourcefulness  in  looking 
after  the  labor  and  in  bringing  in  supplies. 

lake  other  countries  at  present  under  strain,  Mexico  has  found  it 
uecessary  to  increase  all  taxes  very  materially,  including  those  on  mining 
property  and  on  metals  produced  and  exported.  Very  luckily,  the  pre- 
vailmg  high  metal  prices  still  enable  the  silver  and  base-metal  producers 
to  make  a  profit,  but  the  gold-mine  owner  is  hard  hit  with  no  rise  in  the 
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market  price  of  his  product  to  offset  steadily  increasing  costs  as  a£fecied 
by  the  taxes,  higher  prices  for  supplies,  etc. 

The  labor  outlook  is  not  encouraging.  As  a  natural  outcome  of 
several  years  of  revolutions,  labor  is  also  passing  through  a  similar  period 
of  unrest,  and  much  tact  combined  with  fair  and  firm  treatment  will  be 
necessary  to  meet  this  situation  in  any  way  successfully.  The  conditions 
are  likely  to  be  accentuated,  due  to  a  shortage  of  labor  supply  when 
mining  activity  throughout  Mexico  is  again  possible. 
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A  Comparative  Test  of  The  Marathoni  Chileaii  and  Hardinge  Mills 

BT  F.  C.  BUCKXNSDERFSR,^  MOBENa,  ABIZ. 
(Ariaona  Meeting,  September   1916) 

Introduction 

During  1914  and  1915  extensive  experiments  were  conducted  at  the 
concentrator  of  The  Detroit  Copper  Mining  Co.  of  Arizona,  at  Morenci, 
Ariz.;  in  order  to  test  the  relative  grinding  efficiencies  of  the  Marathon, 
the  Chilean  and  the  Hardinge  Mills. 

The  Marathon  mill  used  in  the  experiments  was  the  first  one  ever 
built  by  the  manufacturers;  and  since  this  was  the  first  time  that  it  was 
given  a  thorough  tryout,  with  such  remarkable  results,  the  data  have  been 
assembled  in  the  following  paper  and  submitted  in  the  interests  of  the 
milling  profession. 

Description  of  the  Flow  Sheet 

The  concentrator  flow  sheet,  as  it  Existed  at  the  time  of  these  tests, 
is  shown  in  Fig.  1.  The  total  mill  feed,  as  delivered  from  the  crushing 
plant,  had  as  its  maximum  size  1-in.  material.  This  material  was 
screened  dry  on  Cole  2ig-Zag  screens  fitted  with  4-mesh  openings;  the 
oversize  going  to  one  pair  of  coarse  rolls,  the  undersize  to  five  Wilfley 
tables  fitted  with  Butchart  National  riffles.  The  coarse-roll  product  was 
elevated  and  screened  wet  on  Zig-Zag  screens  fitted  with  4-mesh  openings, 
the  undersize  going  to  the  five  tables  mentioned  above  and  the  oversize 
to  one  pair  of  fine  rolls. 

The  fine-roll  product  was  elevated  and  screened  together  with  the 
coarse-roll  product;  so  that,  before  any  concentrating  operations  took 
place,  the  total  mill  feed  was  reduced  to  pass  a  4-me8h  screen. 

After  concentration  on  Butchart-riffled  tables,  the  tailings  from  these 
tables  passed  to  de-sliming  hoppers,  where  two  products  were  formed, 
W2.,  an  overflow  and  a  discharge.  The  discharge  constituted  the  feed  for 
the  Chilean  mills.  It  contained  16  per  cent,  slime  (  —  200  mesh)  and 
3  parts  of  water  to  1  of  solids.  Tne  concentrator  was  equipped  regularly 
with  four  Chilean  mills  (Monadnock  type)  to  the  unit;  but,  in  order  to 

*  Concentrator  Metallurgist,  Detroit  Copper  Mining  Co. 
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provide  similar  conditions  for  a  test,  two  of  these  mills  were  replaced  by  a 
Hardinge  mill  and  a  Marathon  mill.  The  Hardinge  mill  was  fed  with  the 
discharge  from  the  de-sliming  hopper;  but  a  greater  proportion  of  the 
slime  was  removed  in  order  to  get  a  drier  feed,  containing  but  8  per  cent. 
slime  (—200  mesh)  and  with  a  ratio  of  1.3  parts  water  to  1  of  solids. 
The  Marathon  mill  was  also  fed  with  the  discharge  from  the  de-sliming 
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Fig.  1. — Flow  Sheet  op  750-Ton  Concentrator  Unit  op  Detroit  Coppbb 

Mining  Co.,  Morenci,  Ariz. 

hopper,  containing  12  per  cent.  sUme  and  having  a  water  to  soUds  ratio 
of  .1.8  : 1.  Three  shovel-wheels  were  temporarily  installed  to  remove  all 
of  the  slime  from  the  table  tails,  for  the  purpose  of  giving  a  much  larger 
tonnage  to  the  Marathon  mill,  it  being  found  that  the  total  normal  unit 
tonnage  could  be  handled  by  the  three  shovel-wheels. 

All  of  the  mill  products  passed  to  a  coarse  drag  belt  which  took  out 
the  coarse  sand  for  treatment  on  the  Butchart-riffled  tables;  the  coarse 
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drag-belt  overflow  flowed  to  a  fine  drag  belt,  which  removed  fine  sand  for 
treatment  on  Frue  sand-vanners.  The  overflow  from  the  fine  drag  belt 
passed  to  a  V-box  which  removed  a  thick  product  for  treatment  on  Frue 
slime-vanners;  the  V-box  overflow  was  thickened  for  final  treatment  on 
Frue  slime-vanners.  All  rejected  tailings  were  sampled  separately  as 
they  came  from  each  group  of  machines,  then  a  general  sample  of  the 
tails  was  taken  after  all  of  the  tailings  came  together  at  a  common  point. 
The  clear  water  at  each  point,  if  at  a  sufficiently  high  level,  was  used  for 
wash  water  on  machines  below;  but,  if  not,  it  was  collected  at  the  bottom 
of  the  concentrator  and  pumped  to  tanks  at  the  top  to  be  used  over 
again. 

The  crude  milling  ore  is  a  quartz-monzonite  porphyry  with  chalcocite 
as  the  copper  mineral.  An  average  assay  for  one  year  is:  Cu,  2.80; 
Si02,  59.5;  AUO,,  16.8;  Fe,  5.0;  S,  5.0;  CaO,  0.7;  and  MgO,  0.9  per  cent. 
The  ore  contains  a  small  percentage  of  copper  sulphate,  which  is  soluble 
in  water.  This  "acid  water"  is  very  destructive  to  all  iron  parts,  so  that 
iron  consumed  in  all  these  tests  is  excessive  to  a  small  degree  for  quantities 
of  feed  crushed.  Unslacked  lime  is  added  continuously  at  the  rate  of 
2,000  lb.  daily  to  circulating  mill  water  to  neutralize  the  copper  sulphate. 

General  Conditions  Regarding  I-hb  Tests 

These  experiments  were  carried  on  for  several  months,  so  that 
results  obtained  are  not  spasniodic,  but  represent  the  average  results  of 
routine  work  of  each  mill  under  all  the  variable  conditions  encountered 
in  actual  milling  practice. 

The  Chilean  and  Hardinge  mills  ran  together  for  a  continuous  period 
of  63  days,  or  for  the  length  of  time  required  to  wear  out  the  tires  and  die 
of  the  Chilean  mill.  The  Hardinge  mill  ran  the  first  30  days  with  an  old 
lining.  The  old  lining  was  then  removed,  a  new  one  put  in  and  the  test 
completed. 

The  average  results  of  the  Hardinge  and  Chilean  mills  for  the  63-day 
period  will  be  used  in  comparison  with  the  Marathon  mill.  Test  No.  1 
of  the  Marathon  mill  was  run  undei:  the  same  conditions  regarding  feed 
as  the  Hardinge  and  Chilean,  so  that  an  excellent  comparison  is  possible. 

Some  time  elapsed  between  tests  Nos.  1  and  2  of  the  Marathon  mill, 
during  which  some  preliminary  tests  were  made  to  determine  the  best 
conditions  for  operating  with  a  heavy  tonnage.  During  this  time  the 
three  shovel-wheels  were  installed  to  remove  all  slimes  and  the  greater 
amount  of  water.  Also  about  this  time  the  tonnage  per  unit  was  reduced 
from  750  tons  to  500  tons  per  24  hr.,  and  this  total  unit  feed  was  sent 
through  the  Marathon  mill.  Subtracting  the  weight  of  concentrates 
produced  in  primary  table  concentration,  and  the  weight  of  slimes  re- 
moved by  the  shovel-wheels  preceding  the  Marathon  mill,  a  net  dry 
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wdght  of  430  tons  per  24  hr.  was  obtained.  The  total  recovery  of  the 
unit  under  these  conditions  was  almost  exactly  the  same  as  the  second 
unit  operating  three  Chilean  mills  in  the  same  step.  This  fact  paved  the 
way  for  a  heavy  tonnage  on  the  Marathon  mill,  known  in  this  report  as 
test  No.  2. 

Description  of  thb  Three  Types  of  Mills  Tested 

The  Chilean  mill  used  in  the  test  was  of  the  Monadnock  type,  5  ft. 
in  diameter,  and  fitted  with  l^^-mm.  round-hole  punched  screens.  The 
Chilean  die  (or  ring),  when  new,  weighed  1,7221b.,  the  three  tireatogether 
weighed  2,526  lb.  A  50-hp.  motor  furnished  power  to  drive  the  Chilean 
mill,  transmission  taking  place  in  two  stages,  viz.,  from  motor  pulley  to 
line  shaft,  thence  to  Chilean  mill  belt  wheel. 

The  cylindrical  portion  of  the  Hardinge  mill  was  8  ft.  in  diameter  by 
3  ft.  long.  It  was  lined  with  Danish  pebbles  of  uniform  size,  set  in  con- 
crete.   The  method  of  lining  was  as  follows:    The  lower  half  was  lined 


Fio.  2. — Old  Makathon  Mill. 

first  and  allowed  to  "set,"  then  the  mill  was  turned  over  so  that  theun- 
lined  portion  was  below.  This  section  was  then  lined  and  the  total  lining 
allowed  to  set  48  hr.  The  Hardinge  mill  was  charged  with  6  tons  of 
Danish  pebbles  of  fairly  uniform  size.  Power  was  furnished  by  a  754ip. 
motor  direct-connected  to  a  gear  shaft  which  in  turn  engaged  with  the 
large  gear  wheel  of  the  same  diameter  as  the  mill  itself. 

The  Marathon  mill  consisted  essentially  of  a  tube,  3  ft.  in  diameter 
by  7  ft.  long,  surrounded  by  two  tires,  A  (Fig.  2),  near  each  end,  these  tiree 
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being  supported  by  and  revolving  upon  two  pairs  of  rollers,  B.  Two 
idler  rollers,  H,  keep  the  tires  in  alignment  with  the  rollers  when  the  mill 
is  in  action.  The  four  rollers  B  are  set  on  frame  C  and  are  rigidly  bolted 
to  it.  Frame  C  is  pivoted  at  its  center,  D,  thus  providing  a  tilting 
arrangement,  which  permits  of  adjustment  to  any  desired  slope  by  bolts, 
E,  at  either  end  of  the  frame.  The  ends  are  bolted  to  the  mill  tube,  and 
can  be  quickly  and  easily  removed  for  the  inspection  or  renewal  of  crush- 
ing parts.  The  feeding  arrangement  c6nsists  of  an  Inshaped  tube,  the 
horisontal  leg  of  which  discharges  into  the  mill  through  a  circular  opening 
in  the  center  of  the  head  end.  The  product,  in  wet  crushing,  is  dis- 
charged through  a  6-in.  pipe  centrally  located  in  the  tail  end.  In  dry 
crushing,  the  Marathon  mill  has  a  special  end  with  slots  in  the  periphery 
for  the  free  discharge  of  the  crushed  product.  A  large  hopper  is  set  below 
the  discharge  end  to  collect  the  product. 

The  Marathon  mill  lining  consists  of  16  cast-iron  plates  bolted  to  the 
mill  shell,  the  total  weight  of  the  plates  being  4,480  lb.  The  crushing 
medium  is  composed  of  iron  rods  ranging  in  size  from  ^  in.  to  2  in.  in 
diameter;  the  initial  charge  of  rods  weighed  7,000  lb.  The  mill  is^riven 
by  a  gear  wheel,  Gf,  connected  by  two  sets  of  gears  to  a  drive  wheel, 
which  is  belted  to  a  25-hp.  motor. 

Modifications  of  Original  Design  of  Marathon  MiU 

During  the  progress  of  the  experimental  work  with  the  Marathon 
mill,  several  construction  defects  developed,  which  had  to  be  remedied 
before  further  operation  could  proceed.  A  preliminary  run  with  no 
load  of  ore  in  the  mill,  showed  that  the  understructure  was  not  rigid 
enough  to  prevent  excessive  vibration.  The  top  and  bottom  of  the  frame 
were  entirely  covered  with  }4^m.  and  Ke-ii^-  sheet-steel  plates  re- 
spectively, the  plates  being  firmly  riveted  to  the  legs  of  channel  irons 
composing  the  top  of  the  tilting  frame. 

The  feed  spout  as  furnished  with  the  mill  gave  endless  trouble  with 
a  wet  feed,  because  the  pulp  was  dashed  out  around  the  feed  spout 
where  it  enters  the  center  of  the  mill.  The  feed  spout  was  replaced  by 
a  scoop  feeder  which  was  bolted  to  the  head  end  of  the  mill. 

A  circular  cast-iron  liner  (IJ^  in.  thick  at  the  edges  by  2}i  in.  at  the 
center)  of  the  same  diameter  as  the  inside  of  the  mill,  was  bolted  to  the 
head  end  to  protect  it  against  excessive  wear. 

The  roller  bearings  supporting  the  axles  of  rollers  were  very  un- 
satisfactory. Being  of  a  spiral  type,  they  were  forced  to  extend  by  the 
weight  of  the  mill  to  such  a  degree  that  the  bearing  end  was  thrust  off. 
This  extension  of  spiral  rollers  caused  a  reduction  in  their  diameter, 
which  resulted  in  a  loose  wabbly  bearing.  In  case  of  such  a  failure  the 
roller-bearing  parts  were  renewed. 
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Methods  of  Operating  the  Three  Types  of  Mills 

The  best  method  of  operating  the  Chilean  mill  is  perhaps  too  well 
known  to  require  a  detailed  description.  It  is  essential  to  have  suf- 
ficient water  in  the  feed  for  the  Chilean  mill  to  obtain  best  results  from 
the  mill  screens,  for  if  the  pulp  is  too  thick  the  screens  clog  and  cause 
the  mill  to  become  overloaded.  If  too  great  a  quantity  of  pulp  is  fed 
to  the  mill,  overloading  follows  at  once  and  the  mill  does  practically 
no  grinding.  When  the  Chilean  mill  became  overloaded,  the  power 
required  to  drive  it  was  about  one-third  more  than  under  normal  con- 
ditions. An  average  ratio  of  3  parts  water  to  1  part  solids  (25  per  cent, 
solids)  was  the  best  pulp  to  feed  to  the  Chilean  mill  for  all-around  good 
work.    The  speed  was  40  r.p.m. 

The  Hardinge  required  a  less  dilute  pulp  (42.8  per  cent,  solids) 
for  best  results.  It  is  practically  impossible  to  overload  the  Hardinge 
mill,  "so  to  speak,"  as  long  as  the  mill  is  able  to  discharge  the  product, 
but  constant  attention  is  required  to  prevent  "oversize."  When  its 
grindii^  capacity  is  exceeded,  a  considerable  amount  of  very  coarse 
material  traverses  the  length  of  the  mill  without  receiving  a  single  blow 
from  the  falling  pebbles.  Special  attention  was  given  each  of  the  mills 
in  order  to  keep  them  up  to  full  capacity  with  the  production  of  a  mini- 
mum quantity  of  "oversize."    The  mill  was  operated  at  29  r.p.m. 

The  Marathoa  mill  in  Test  No.  1  was  operated  as  a  fine  grinding 
machine  so  as  to  give  a  product  of  the  same  fineness  as  the  Hardinge  and 
the  Chilean  mills.  The  most  favorable  results  were  obtained  with 
pulp  that  contained  36.7  per  cent.  soUds.  When  the  Marathon  mill 
became  overloaded  it  was  surprising  to  find  no  coarse  oversize  in  the 
product,  brd  a  product  that  was  uniformly  coarser.  This  is  a  fact  that 
requires  special  notice.  It  is  equivalent  to  saying  that  if  the  mill  is 
once  started  up  it  is  not  necessary  to  pay  any  attention  to  the  product, 
for  if  overloaded,  the  whole  product  will  be  slightly  coarser,  and  if 
underloaded  the  product  will  be  slightly  finer. 

In  test  No.  2  of  the  Marathon  mill  the  amount  of  Water  and  slime 
in  the  feed  was  reduced  to  a  minimum  by  shovel-wheels  to  secure  a  less 
volume  of  pulp  and  a  consequent  slower  velocity  of  pulp  through  the 
mill.  The  tonnage  of  test  No.  2  was  greatly  increased  over  that  of 
test  No.  1,  and  the  Hardinge  and  Chilean  mill  tonnages.  The  feed 
contained  an  average  of  63.5  per  cent,  solids,  and  only  2.92  per  cent, 
slime  (—200  mesh).  The  speed  in  all  the  tests  of  the  Marathon  mill 
was  30  r.p.m.  In  a  diameter  of  3  ft.  at  30  r.p.m.  there  is  no  dead  zone 
in  the  periphery  of  the  mill,  while  excessive  slipping  of  rods  is  prevented 
by  having  the  liner  plates  thicker  at  each  edge  than  in  the  middle,  re- 
sulting in  a  corrugated  interior  surface.  The  lining  retains  this  cor- 
rugated surface  until  it  is  worn  out.     The  rods  wear  evenly  from  end 
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to  end,  do  not  get  crosswise  in  the  mill  and  are  reduced  to  a  diameter 
of  %  in.  before  they  begin  to  crush,  flatten  out  or  break  into  pieces. 
When  worn  to  this  thinness,  some  rods  roll  up  and  are  discharged;  the 
short  half-length  pieces  retain  their  positions  in  the  charge  of  rods 
without  any  serious  results,  but  may  reduce  crushing  efficiency  to  some 
extent.  It  is  good  practice  to  take  out  the  entire  charge  of  rods  every  10 
days,  sort  out  the  small  and  ''disabled''  rods  and  replace  the  loss  in 
weight  with  13^-in.  rods.  As  soon  as  the  weight  of  rod?  consumed 
per  day  was  determined,  their  loss  in  weight  was  replaced  daily  with 
fresh  rods.  The  mill  must  be  closed  down  to  add  the  daily  charge 
of  rods.  During  these  tests  the  Marathon  mill  was  tilted  3^  in.  per 
foot,  but  later  tests  proved  that  it  would  produce  equally  as  good  re- 
sults when  run  horizontally. 

Some  experiments  were  made  on  coarse  (+  J^-in.)  material  both  wet 
and  dry,  using  the  peripheral  discharge  end  and  feed  spout.  The 
charge  of  rods  in  the  mill  was  increased  by  the  addition  of  steel  shafting 
4  in.  in  diameter.  These  tests  were  not  extended  over  any  length  of 
time,  nor  were  sufficiently  conclusive  results  obtained  to  warrant  their 
mention.  The  primary  fact  estabhshed  was  this:  The  mill  was  able 
to  handle  coarse  feed  up  to  2  in.  in  a  way  to  encourage  further  experiment. 

Explanation  of  the  Action  of  the  Marathon  MiU 

It  might  be  well  at  this  point  to  offer  an  explanation  of  the  action 
that  takes  place  within  the  Marathon  mill. 

For  the  sake  of  comparison,  if  we  select  any  type  of  mill  with  spheri- 
cal-shaped grinding  media,  the  Hardinge  mill   for  example,  and  con- 
sider a  single  crushing  element,  we  have  a  row  of  pebbles  in  contact ' 
with  another  row  of  pebbles  as  indicated  in  Fig.  3. 


A.  A 


B  B 


'    Y     V     \ 


\  X  J 


FiQ.  3.  Fig.  4. 

Now  when  falling,  row  A  strikes  row  B,  or  if  rolling  together,  row  A 
rolls  on  row  B,  It  is  evident  that  crushing  takes  place  where  one  pebble 
strikes  or  rolls  against  another,  or  at  their  point  of  contact.  The  number 
of  points  of  contact  in  an  element  is  determined  by  the  size  of  pebbles; 
the  smaller  the  size  of  pebbles,  the  greater  the  number  of  points  of 
contact  and  vice  versa.  But  it  has  been  demonstrated  in  actual  practice 
that  the  pebbles  must  be  above  a  certain  size  to  develop  a  crushing  blow 
when  falling  of  sufficient  force  to  be  of  any  value.  Hence  crushing  ability 
depends  not  only  on  points  of  contact,  but  also  on  the  size  of  pebbles  and 
on  their  mass  (by  ma^B  is  meant  specific  gravity). 
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SiDce  the  Qumber  of  points  of  contact  must  vary  inversely  as  the 
size  of  pebbles,  the  two  factors  are  compromised  by  using  various  mzee 
of  pebbles.  In  order  to  take  advantage  of  the  mass  factor,  iron  balls  have 
been  recently  substituted  for  pebbles  as  a  crushing  medium. 

Now  consider  a  solid  bar  for  the  grinding  medium,  la  the  case  of  the 
Marathon  mill,  as  shown  in  Fig.  4.  When  falling,  rod  A  strikes  rod  B, 
or  if  rolling  together,  rod  A  rolls  on  rod  B.  There  is  a  continuous  row 
of  points  of  contact,  or  geometrically  speakii^,  a  line.  It  has  beeo 
shown  in  experiments  that  the  rods  remain  parallel  when  the  mill  i£  in 
operation.    Hence  we  have  the  maximum  number  of  contact  points  that 
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can  exist  between  the  surfaces  of  two  rods  (cyUndrically  shaped).  Again, 
we  may  consider  the  two  rods  A  and  B  of  Fig.  4  as  made  up  of  solid  iron 
balls  packed  closely  and  bound  together  throughout  their  length  by  addi- 
tional iron  which  is  0.4764  of  their  own  weight.  Therefore,  the  crushioE 
ability  of  iron  rods — bearing  in  mind  that  crushing  ability  depends 
upon  points  of  contact  and  upon  the  mass  of  crushing  medium — must 
be  greatly  superior  to  those  mills  which  use  spherical-shaped  crushing 
media.  The  relatively  small  diameter  of  rods,  2  in.  to  ^  in,,  causes 
them  to  fit  compactly,  thus  requiring  a  minimum  falling  distance  to 
deUver  a  crushing  blow.  The  center  of  -mass  of  a  charge  of  rods  is 
much  nearer  the  axis  of  the  mill  than  in  a  mill  of  greater  diameter  whose 
crushing  charge  consists  of  steel  balls  or  pebbles. 
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It  18  necessary  in  ball  and  pebble  mills  to  have  a  sufficient  weight  of 
charge  to  deliver  a  crushing  blow.  This  condition  is  effected  either  by 
making  the  mill  of  large  diameter  or  by  increasing  its  length.  When  the 
length  is  increased  the  power  factor  increases,  when  the  diameter  is  in- 
creased the  power  factor  increases  very  rapidly  and  at  the  same  time  there 
is  danger  of  the  peripheral  speed  becoming  too  great,  tending  to  form 
a  dead  lEone. 


Tables  of  Results  Showing  Items  and  Conclusions 

Table  1. — Cost  Camparisana 


Marathon 
Test  No.  1. 
Per  Cent. 


Operating  Labor 

Labor  on  Repairs. . . 
Material  on  Repairs 
Power 


13.38 
12.20 
40.38 
34.04 

100.00 


Marathon 
Test  No.  2, 
Per  Cent. 


11.21 
12.27 
42.29 
34.23 

100.00 


Hardinge 

MiU, 
Per  Cent. 


Chilean    Mill. 
Per  Cent. 


Marathon  No.  1  is  Ezoeeded  in  Operating  Coata  by  Ezoeaa  Coat,  Per  Cent. 

Marathon  No.  2 19.34 

Hardinge 72.56 

Chilean  15.00 

Chilean  is  Exceeded  in  Operating  Costs  by  Excess  Cost,  Per  Cent. 

Marathon  No  2 3.7T 

Hardinge '. . . 60.04 

Marathon  No.  2  is  Ezoeeded  in  Operating  Cost  by  Excess  Cost,  Per  Cent. 

Hardinge 44 .  59 


Costs  are  generally  governed  by  local  conditions.  In  each  of  the 
divisionsy  Operating  Labor,  Labor  on  Repairs,  Material  on  Repairs, 
and  Power,  the  percentage  of  the  total  cost  of  the  mill  is  represented, 
no  correction  being  made  for  the  tonnage.  From  the  second  part  of 
this  table  it  is  to  be  noted  that  the  Marathon  mill  costs  as  operated  in 
test  No.  1  are  the  least;  the  Chilean  mill  costs  are  the  next  lowest;  then 
the  Marathon  mill  costs  as  operated  in  test  No.  2;  and  the  Hardinge  mill 
^^Bts  are  the  highest.  In  comparing  the  costs  of  one  mill  with  those 
.  of  any  other,  for  instance  the  Hardinge  costs  and  the  Chilean  costs,  the 
niill  with  the  lowest  costs  is  t^ken  as  100  per  cent.  The  Hardinge  costs 
on  this  basis  are  150.04  per  cent.,  or  50.04  per  cent,  in  excess  of  the 
Chilean  costs. 
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Material  on  Repairs  includes  rods  and  liners  for  the  Marathon  mill, 
die  and  tires  for  the  Chilean  mill,  and  pebble  lining  and  pebbles  for  the 
Hardinge  mill. 

In  each  case  the  power  factor  is  strongly  in  favor  of  the  Marathon 
mill.  The  tonnage  factor  is  omitted  at  this  point  because  it  properly 
belongs  to  a  comparison  of  grinding  efEciencies. 


Table  2. — Record  of  the  Average  far  Each  Test 


Type  of  Mill 


si 

if* 
o  od 


-c — 

K 

a 
3 

ai 

OtZ] 


Marathon  No.  1 
MarathoD-No.  2 
Hardinge. ....... 

ChUean 


•8 

dfl 


94.00 

6.00 

383.0 

236.6 

9.864 

662.4 

27.60 

94.25 

6.75 

200.0 

440.0 

18.333 

693.0 

28.87 

96.25 

3.76 

1.456.3 

244.0 

10.166 

670.1 

23.76 

93.75 

6.25 

1»401.7 

237.0 

9.876 

951.4 

39.64 

36.7 
63.6 
42.8 
24.9 


-n — 
o 

52 


d^ 

*^aS 

5j§ 

^c3^ 


Type  of  MiU 


Mar.  No.  1. 

Mar.  No.  2. 
Hardince. . . 
Chilean 


1  tol.8 
1  toO.57 
1  tol.3 
1  to3.0 


432.2 
138.0 
320.6 
723.8 


I  d 

^S3 


102.215 
60.720 
78.226 

171.540 


_L 


70.98 

42.17 

54.32 

119.13 


13.880 
16.791 
42.208 
27.388 


18.60 
22.50 
56.56 
36.70 


0.5316 
0.8148 
0.1797 
0.2691 


12.768 

19.655 

4.313 

6.485 


QQtf 


30.27 
30.10 
29.03 
39.88 


The  term  pulp  is  here  used  to  signify  a  mixture  of  water  and  dry  feed, 
and  the  quantity  of  water  in  the  pulp  is  the  amount  in  combination  with 
the  dry  feed. 

The  delays  of  the  Hardinge  mill  are  due  to  relining  f^d  allq^ring. 
time  for  lining  to  "set."  The  delays  of  Chilean  mill  are  due  to  rene¥dng 
of  crushing  parts,  replacing  of  screens  and  oiUng  of  mill.  The  delays 
of  the  Marathon  mill  are  due  to  changing  of  rod  charge,  addition  of  new 
rods,  reUning,  and  extraordinary  repairs  on  defective  parts. 

The  power  consumed  by  the  Marathon  mill  is  practically  constant, 
the  rise  in  power  consumed  in  test  No.  2  being  due  to  an  increased  change 
of  rods.  The  Hardinge  power  is  also  constant.  The  Chilean  mill  con- 
sumes less  power  when  the  tires  and  die  are  new  than  when  they  have  been 
in  operation  for  some  time.  If  mills  are  slightly  overloaded,  the  power 
increases  very  rapidly. 
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Table  3. — Average  of  Ted  Conditions 


Typeof  MiU 


Uir.  No.  1. 
31ar.  No.  2. 

Hardinge 

Chilean 


Stationary  Grinding  Parts 


o  o 

U 
ah 


82,54.707:0.2313 


.a 
1 


« 


Movable  Grinding  Parts 


Total 
Grind- 


72  62.256 

159141.761 

63  27.333 


0.14149 

0. 17115; 

0.115331 


{ 


Iron 

rods 

Pebbles 

3  Tires 


■a  I 


6.395 
7,124; 
10.175 
2.526 


•8 
a 


o 


2,404  150. 64  ;0. 63697  0. 86827 


1.441  1172.92 
527.00 
41.66 


|31.956 
None 


0.39205 

2 

0 


M6 
M762 


0.63544 
2.33115 
0.29153 


This  table  expresses  the  life  of  linings,  the  rate  of  wear,  and  pounds  of 
each  grinding  medium  sacrificed  per  ton  of  ore  ground.  The  Chilean 
mill  die  corresponds  to  liners  and  lining  of  the  other  two  mills.  It  is  to 
be  noted  that  the  Chilean  mill  required  the  least  amount  of  grinding 
medium  per  ton.  It  is  the  auxiliary  parts,  such  as  screens,  screen  frames, 
tire  wheels  or  mullers,  feed  spouts,  ploughs,  mortars,  and  the  power, 
that  completely  reverse  this  good  quality. 


Table  4. — Comparison  of  Grinding  Efficiencies 


Marathon  No.  1 


Meah 


+4 

+6 

+8 

+10 

+14 

+20 

+28 

+35 

+48 

+65 

+100 

+160 

+200 

-200 


ReeiD-^ 
rocal     Feed. 

of         Per 
Aver-    Cent. 

sge    <     by 
Diam-,  Weight 

eter   l 


Relative 
Surface 
in  Feed 


Prod- 
uct, 
Per 

Cent. 

by 
Weight 


Relative 
Surface 

in 
Product 


Marathon  No.  2 


Mesh 


Recip- 
rocal 

of 
Aver- 
age 
Diam- 
eter 


Feed, 

Per 

Cent. 

by 
Weight 


4.46 

6.33 

8.93 

12.66 

17.86 

25.38 

36.71: 

50.61 

71.43 

101.01 

142.86 

200.00 

285.71 

454.56 


0.13 

6.49 

17.12 

13.40 

10.44 

8.51 

8.35' 

6.61 

5.30 

3.91 

3.78 

2.46 

1.29 

12.21 


0.58 
41.08 
152.88 
109.64 
186.46 
215.98 
298.18 
333.87 
378.58 
394.95 
540.01 
492.00 
368.57 
5,550.05 


0.01 

0.28' 

2.12 

7.061 

14.77 

14.43 

11.68 

8.72| 

8.051 

5.15| 

2.67| 

25.06' 


0.09 

3.54 

37.86 

170.18 

527.44 

728.86 

834.30 

880.81 

1.150.02 

1.030.00 

762.85 

11.391.02 


+4 

+6 

+-8 

+  10 

+  14 

+20 

+28 

+35 

+48 

+65 

+  100 

+  150 

+200 

-200 


4.46 

6.33 

8.93 

12.66 

17.86 

25.38 

36.71 

50.51 

71.43 

101.01 

142.86 

200.00 

285.71 

454.55 


0.09 

9.37 

21.58 

15.90 

18.55 

11.14 

10.42 

6.96 

3.92 


1 
1 
0 
0 


97 
15 
66 
37 


\  Prod- 
Relative,  5p^*' 

Cent. 

by 
Weight 


Surface 
in  Feed 


Relative 
Surface 

in 
Product 


2.92 


0.40 
59.31 
192.71 
201.29; 
242.00 
282.73 
372.10 
351.55 
280.01 
198.99 
164.29 
132.00 
105.71 
1.327.29 


0.04 

0.8i: 

4.90 

12.05 

15.55 

16.82 

12.50 

8.53 

5.43 

4.67 

2.82 

1.70 

14.18 


0.25 

7.23 

62.03 

216.21 

394.66 

600.64 

631.37 

609.30 

548.48 

667.16 

564.00 

485.71 

6.445.52 


100.00  17.525.97  Total 1 100. 00,  3,910.38  100.00  11,231.56 
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Table.  4. — (CorUirvaed) 


Mesh 


+4 

+6 

+8 

+10 

+14 

+20 

+28 

+35 

+48 

+66 

+  100 

+  160 

+200 

-200 


Hardinge  Mill 


Chilean  MiU 


Reoip- 

rocal 
of 

Aver- 
age 

Diam- 
eter 


Feed, 

Per 

Cent. 

by 
Weight 


RelaUve 
Surface 
in  Feed 


Prod- 
uct, 
Per 

Cent. 

by 
Weight 


Relative 
Surface 

in 
Product 


Meeh 


Recip- 
rocal    Feed, 
of         Per 
Aver-    Cent. 

age        by 
Diam-  Weight 

eter   i 


RelaUve 
Surface 
in  Feed 


Prod- 
uct,  I 
Per 

Cent. 

by 
Weight 


Rdative 
Sorfaoe 

in 
Prodnct 


4.46 

6.33 

8.93 

12.66 

17.86 

26.38 

35.71 

50.51 

71.43 

101.01 

142.86 

200.00 

285.71 

454.55 


0.97 

8.43 

18.79 

13.86 

10.45 

8.49 

8.40 

6.53 

5.29 

4.10 

3.47 

1.81 

1.04 

8.37 


Total. 


4.33 
63.36 
167.79 
176.47 
186.64 
215. 48| 
299.96- 
329.83' 
377.86' 
414.14; 
495.72 
362. 00| 
297.14 
3,804.58! 


I 


0.07 

0.58 

1.95 

3.80 

8.17 

10.45 

11.60 

10.25 

10.40 

6.75 

4.13 

31.85 


100.00  7,184. 30100. 00 


0.63 

7.34 

84.83 

•     96.44 

291.75 

527.83 

828.59 

1,035.35 

1,485.74 

1,350.00 

1.179.98 

14,477.42 


+4 

+6 

+8 

+  10 

+  14 

+20 

+28 

+35 

+48 

+65 

+  100 

+  150 

+200 

-200 


4.46 

6.33 

8.93 

12.66 

17.86 

25.38 

35.71 

50.51 

71.43 

101.01 

142.86 

200.00 

285.71 

454.65 


0.94 

7.71 

16.49 

11.84 

8.98 

7.18 

7.43 

6.04 

4.80 

8.89 

3.76 

2.58 

1.82 

16.54 


21,315.90  Total 

i 


4.19 
48.80 
147.26 
149.89 
160.38 
182.23 
265.33 
305.08 
342.86 
392.93 
537.15 
516.00 
519.99 
7.618.26 


0.05 
0.10| 
1.07i 
3.63 
7.75 
9.08 
9.38 
8.63; 
8.95 
6.23 
4.211 
41.02 


0.45 

1.36 

19.11 

92.13 

276.75 

458.63 

670.01 

861.62 

1,278.60 

1.246.00 

1.202.84 

18,645.64 


100.00  11.090.35:100.00  24,753.04 

! I  I 


Marathon 
No.  I 


Work  units  in  product. 
Work  units  in  feed   . . . 


17,525.97 
9,122.83 


Work  units  expended  in  crushing      8,403 .  14 
Work  units  expended  in  crushing 
corrected  for  tonnage 107,207 . 3 


Marathon 
No.  2 


3,910 .  38 

7,321 .  18 

143,165.70 


Hardinge 


11,231.66      21,315.90 


7,184.30 
14,131.60 
60,949.60 


Chilean 

24,753.04 
11,090.35 

13,662.69 

88,602.54 


Ezoeai  Effidenoy  of  Marathon  No.  2  over 


Per  Cent. 


Marathon  No.  1 

Hardinge 

Chilean   


33.54 

134.80 

61.58 


Ezoeai  Efficiency  of  Marathon  No.  1  over 


Per  Cent. 


Hardinge. 
Chilean  . 


Exceas  Efficiency  of  Chilean  over 


75.90 
30.52 


Per  Cent. 


Hardinge, 


45.37 
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Tyler  Standard  screens  were  used  in  all  of  the  screen  analyses,  and 
constants  of  this  screen  scale  are  employed  in  computations.  The  prin- 
ciple upon  which  the  comparison  of  efficiencies  is  based  may  be  sunmied 
up  in  a  few  words:  "Work  done  in  crushing  is  proportional  to  surface 
exposed  in  crushing,  and  therefore  nearly  proportional  to  reduction  in 
diameter,"  or,  "nearly  proportional  to  the  reciprocals  of  diameters  crushed 
to."  This  is  the  well-known  and  substantial  efficiency  comparison  of 
Del  Mar.  Per  cent,  weight  is  multiplied  by  reciprocals  of  average 
diameter  in  both  feed  and  product,  the  difference  in  these  two  quantities 
measuring  the  work  expended  in  crushing.  When  this  quantity  is  multi- 
plied by  tons  per  horsepower-day,  we  involve  the  two  factors  that  com- 
plete the  efficiency  comparison.  This  method  is  commendable  with  but 
one  exception;  the  assuming  of  a  value  for  the  average  diameter  of  —200- 
mesh  material.  This  assumed  value  probably  comes  somewhere  near  to 
the  approximate  value,  but  no  more.  In  logarithmic  plotting  of  feeds  and 
products,  Fig.  6,  the  lines  have  been  extended  in  a  smooth  curve  to  the 
edge  of  the  paper,  and  in  every  case  the  assumed  value  is  only  approxi- 
mate. It  is  of  no  advantage  to  assume  this  value,  especially  when  there 
is  large  quantity  of  —  200-mesh  material.  The  curve  of  Chilean  product 
lacks  sufficient  points  to  tell  just  where  it  does  extend.  The  others  have 
a  fair  degree  of  accuracy. 

Crushing-Surface  Diagram 

This  is  the  method  proposed  by  Arthur  0.  Gates  for  comparing 
efficiencies  in  grinding.  Cumulative  percentages  are  plotted  vertically 
and  reciprocals  of  screen-mesh  diameters,  horizontally  (Fig.  5).     This 

Table  5. — Gates  Method  of  Comparison 


Mesh 

Recipro- 
cal of 

Mesh 
DUmeter 

Mar. 
No.   1 

Feed 
Cumu- 
lative, 

Per 
Cent,  by 
Weight 

Mar. 

No.  1 
Product 
Cumu- 
lative. 

Per 
Cent,  by 
Weight 

Mar. 

No.  2 

Feed 
Cumu- 
lative, 

Per 
Cent,  by 
Weight 

Mar. 

No.  2 
Product 
Cumu- 
lative, 

Per 
Cent,  by 
Weight 

Hardinge 

Feed 
Cumu- 
lative, 

Per 
Cent,  by 
Weight 

Hardinge 
Product 
Cumu- 
lative, 

Per 
Cent,  by 
Weight 

Chilean 
Feed 
Cumu- 
lative, 
Per 
Cent,  by 
Weight 

100.00 

Chilean 
Product 
Cumu- 
lative, 

Per 
Cent,  by 
Weight 

+4 

5.40 

100.00 

100.00 

100.00 

+6 

7.63 

99.87 

99.91 

100.00 

99.03 

99.06 

8 

10.76 

93.38 

100.00 

90.54 

99.96 

90.60 

100.00 

91.35 

100.00 

10 

15.38 

76.26 

99.99 

68.96 

99.15 

71.81 

99.93 

74.86 

99.95 

U 

.     21.74 

62.86 

99.71 

53.06 

94.25 

57.95 

99.35 

63.02 

99.85 

20 

30.48 

52.42 

97.69 

39.51 

82.20 

47.50 

97.40 

54.04 

98.78 

28 

43.10 

43.91 

90.53 

28.37 

66.65 

39.01 

93.60 

46.86 

95.15 

35 

00.98 

35.56 

75.76 

17.95 

49.83 

30.61 

85.43 

39.43 

87.40 

48 

86.20 

28.95 

61.33 

10.99 

37.33 

24.08 

74.08 

33.39 

78.32 

65 

121.95 

23.65 

49.65 

7.07 

28.80 

18.79 

63.38 

28.59 

68.04 

100 

.  172.41 

19.74 

49.93 

5.10 

J23.37 

14.69 

53.13 

24.70 

60.41 

150 

'  243.90 

15.96 

32.88 

3.95 

18.70 

11.22 

42.73 

20.90 

51.46 

200 

1  344.82 

13.50 

27.73 

3.29 

15.88 

9.41 

35.98 

18.36 

45.23 

-200 

' 

12.21 

25.06 

2.92 

14.18 

8.37 

31.85 

16.54 

41.02 
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Table  5. — {Continued) 

From  Crushing  Diagram  by  Gates  Method  (Fig.  6) 


Square  Inches 


Marathon  No.  1 
Marathon  No.  2, 

Hardinge 

Chilean 


7.51 

6.65 

12.02 

11.12 


Efficiency  Corrected  for 
Tonnage 


95.812 

130.004 

51.842 

72.113 


Excess  Efficiency  of  Marathon  No.  2  over 


Marathon  No.  1 

Hardinge 

Chilean 


Excess  Efficiency  of  Marathon  No.  1  over 


Per  Cent. 


35.69 

150.75 

80.29 


Per  Cent. 


Hardinge 
Chilean  . 


Excess  Efficiency  of  Chilean  over 


Hardinge 


84.81 
32.86 


Per  Cent. 


39.10 


diagram  averages  the  diameters  without  calculation,  and  areas  upon  it 
are  proportional  to  surface  produced,  and,  in  accordance  with  Rittinger's 
law,  to  energy  spent  in  crushing  alone.  Measuring  these  areas  up  to 
200  mesh  and  multiplying  by  tons  per  horsepower-day,  we  obUdn 
efficiency  units  for  comparison,  as  indicated  in  Table  5. 

Table  6. — Comparison  of  Del  Mar  and  Gates  Methods 


Excess  Units  by 


Del  Mar, 
Per  Cent. 


Gates, 
Per  Cent. 


Numerical 
ATerags, 
Per  Cent. 


Marathon  No.  2  over 

Marathon  No  1 

Hardinge 

Chilean 

Marathon  No.  1  over 

Hardinge 

Chilean 

Chilean  over 
Hardinge 


33.54 

134.80 

61.58 

75.90 
30.52 

45.37 


35.69 

150.75 

80.29 

84.81 
32.86 

39.10 


34.61 

142.77 

70.93 

80.35 
31.69 

42.23 


In  view  of  the  fact  that  in  Del  Mar's  system  the  —200  mesh  material 
is  taken  into  account  and  in  the  other  it  is  not,  we  may  consider  a  check 
existing  between  the  two  methods  with  but  one  exception,  comparmg 
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Marathon  No.  2  with  Chilean,  the  two  extremes  of  feeds  and  products; 
the  one  producing  the  most  shme  and  the  other  producing  the  least 
slime.  To  be  impartial  and  conservative  at  the  same  time,  we  will  adopt 
the  numerical  average  of  the  two  methods. 


Summary 

For  the  material  treated  and  under  the  conditions  of  these  tests,  the 
Marathon  mill  is  far  superior  to  the  Hardinge  and  Chilean  mills  in  grind- 
ing efficiency.  Of  the  Hardinge  and  Chilean  mills,  the  Chilean  is  superior 
to  the  Hardinge.  The  Marathon  mill  will  bear  further  investigation  and 
experiment.  Its  costs  will  be  much  less  in  the  actual  installation  of 
wveral  mills  than  in  a  single  mill  requiring  perfection  of  parts,  as  did  this 
one. 

On  the  basis  of  the  results  obtained  in  these  tests,  two  mills,  4  ft.  in 
diameter  by  8  ft.  long,  for  both  coarse  and  fine  grinding  (Fig.  7)  have  been 
ordered,  the  principal  features  of  which  are  as  follows: 

(a)  Feed  scoop  attached  to  the  head  end  of  the  mill.  There  are 
wiK  channels  in  this  scoop,  entrance  of  each  channel  having  a  rectangular 
area  of  108  sq.  in.  (9  by  12  in.). 
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(b)  Sectional  liners  for  head  end  and  solid  circular  liner  for  tail  end. 

(c)  Rigid  base,  with  no  tilting  arrangement. 

(d)  Solid  roller  bearings  (not  spiral). 

(e)  Driving  gear  attached  to  tail  end  of  shell,  the  pulley  beii^  sup- 
ported rigidly  by  having  its  bearings  set  solidly  on  a  separate  concrete 


Fia.  7. — Nbt  Marathon  Mill. 

base.  One  of  these  mills  has  been  in  operation  for  a  few  days  and  is 
running  smoothly  after  having  considerable  trouble  with  a  hot  bearing. 
These  bearings  are  not  able  to  stand  up  under  such  service.  Babbitted 
bearings  will  undoubtedly  remedy  this  trouble. 

Thanks  are  due  to  Milton  H.  McLean,  General  Manager  of  the  Detroit 
Copper  Mining  Co.  of  Arizona,  for  permission  to  assemble  and  public 
the  above  data. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  prafwmblv  b«  pmenUd  In  Mnon  ftt  tli« 
Ariiona  meeting,  September,  1010,  when  an  ftbetraot  of  the  paper  will  be  read.  If  thu  li  impoad- 
ble,  then  disonMion  in  writinc  may  be  eent  to  the  Editor,  American  Inatitute  of  Mining  En^neers.  SB 
Wott  39th  Street,  New  York,  N.  Y.,  for  preeentation  by  the  Seoretary  or  other  repreeentatiTe  of  its 
avthor.  Unles  epeeial  arrangement  is  made,  the  diseussion  of  this  paper  will  dose  Nov.  1, 1910.  Any 
diieassion  oiferea  thereafter  should  preferably  be  in  the  form  oi  a  new  paper. 


The  Illuminating  Power  of  Safety  Lamps 

BT   W.   M.   WmaVLy*  B.   M.,   8TATB   COLLEGE,   PA. 
(Arisona  Meeting,  September,  1916) 

WmiiB  electric  lamps  both  of  the  cap  and  hand  type  are  being  intro- 
duced into  many  mines  requiring  the  use  of  safety  lamps,  the  oil-burning 
safety  lamp  is  still  used  in  the  great  majority  of  cases,  and  even  where 
the  former  are  used  the  latter  must  continue  to  be  employed  when  testing 
for  gas.  It  is  not  the  intention  to  discuss  here  the  relative  merits  of  the 
two  types,  but  simply  to  give  a  comparison  of  the  illuminating  effect  or 
candlepower  of  several  kinds  of  ordinary  safety  lamps  used  for  general 
work  and  for  testing.  Few  data  have  been  published  in  recent  years  on 
this  subject  and  because  of  this  it  is  hoped  that  the  following  information 
may  be  of  some  interest  and  value. 

The  lamps  tested  were  in  all  cases  of  standard  size  and  in  good  condi- 
tion, all  practically  new,  and  were  selected  from  a  collection  of  about  100 
with  a  view  to  obtaining  results  on  as  many  different  common  types  as 
possible.  With  the  exception  of  the  gasoline-burning  lamps,  five  dif- 
ferent oils  were  used  in  each  lamp  to  determine  whether  particular  oils 
were  suited  to  particular  lamps  and  whether  there  was  any  great  dif- 
ference in  the  illuminating  power  of  the  different  oils,  or  whether  some  oils 
would  maintain  their  illuminating  power  better  than  others  throughout 
a  working  period  of  8  hr.  No  attempt  was  made  to  determine  the  amoimt 
or  cost  of  oil  burned  by  each  lamp,  but  the  condition  of  the  lamp,  wick, 
glass,  and  gauzes  was  noted  after  each  test. 

Description  of  Apparatus  Used 

The  candlepower  was  determined  with  a  Weber  photometer.  Fig.  1, 
which  consists  of  a  tube  A  containing  a  movable  milk-glass  screen  adjust- 
able by  the  milled  screw  B.  The  distance  of  this  screen  from  the  standard 
light  at  C  is  read  on  the  scale  attached  to  A.  The  standard  light  con- 
sists of  a  benzine  lamp  so  arranged  that  the  height  of  the  flame  may  be 
adjusted  exactly  by  observing  it  against  a  scale  in  the  lamp  box  through 
an  opening  in  the  front.  The  lamp  to  be  tested  is  placed  at  Z)  so  as  to 
illmninate  a  milk-glass  screen  in  the  holder  at  E.    At  the  intersection 
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of  the  axes  of  tube  A  and  aight-tube  F  are  placed  two  45°  prisms  with 
their  Burfacea  in  contact  so  that  the  light  from  D  may  pass  through  with* 
out  deflection  while  that  from  C  is  reflected  at  the  contact  in  a  direction 
parallel  to  that  from  D.  The  faces  of  the  prisms  are  blackened  around 
an  elhptical  field  and  on  this  field  is  an  annular  silvered  ring  which  reflects 
the  light  from  C.  When  viewed  through  the  telescopic  eyepiece,  G, 
focused  on  the  prisms,  on  outer  annular  ring  and  inner  elliptical  surface 
are  seen  iUuminated  by  light  D  and  an  inner  ring  illuminated  by  that  from 
C.  With  Z)  in  a  fixed  position,  the  milk-glass  screen  in  A  is  adjusted  until 
an  evenly  illuminated  field  is  observed  through  the  eyepiece.    Then  the 


Flo.  1. — Webbr  Photometer  Used  in  Dbtebuininq  Candlbpoweb  op  hum. 

screens  in  A  and  E  are  illuminated  to  the  same  intensity  and  the  intensi- 
ties of  the  standard  and  unknown  light  are  to  each  other  as  the  squares 
of  their  distances  from  the  respective  screens,  or  expressed  as  a  formula 


in  which  t  =  candlepower  or  intensity  of  Ught  being  tested, 

B  =  distance  of  D  (light  being  tested)  frona  screen  E, 
r  =  distance  of  C  (standard  light)  from  screen  in  tube  A, 
C  =  constant  involving  the  candlepower  of  the  standard  lamp, 
relative  opacity  of  the  two  screens  and  characteristics  of 
the  apparatus. 
Determitiation  of  the  constant  C  was  accompKshed  by  placing  a  staodard 
candle  at  D.    The  value  of  C  is  then  given  by  writing  the  formula 
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as  the  intensity  i  is  then  unity.  About  50  readings  were  taken  using 
staodard  spermaceti  candles.  Several  candles  were  employed  and  their 
iUuminating  power  checked  by  weighing  before  and  after  use  and  determin- 
ing the  consumption  of  spermaceti  per  hour,  A  standard  candle  is  sup- 
posed to  bum  120  grains  per  hour.  The  candles  used  consumed  from 
123  to  124  grains  per  hour  equivalent  to  a  candlepower  of  1.03,  The 
sTerage  value  obtained  of  the  constant  C  was  0.36.  The  candle 
was  placed  at  the  same  distance  as  the  lamps  tested  and  also  at  greater 
and  less  distances. 

The  apedjic  gravity  of  the  oils  was  determined  with  a  Westphal 
balance,  and  the  Baum£  degrees  calculated. 

Description  of  the  Lamps 

The  lamps  tested  were  selected  to  give  a  wide  range  in  variety  and 
were  of  standard  make  and  size  (Figs.  2,  3  and  4).  Before  beginning 
each  test  with  the  several  oils  they  were  all  thoroughly  cleaned,  the  oU 
vessels  rinsed  out  with  gasoline  and  dried  and  fresh  wicks  put  in.  The 
shape  and  size  of  wicks,  number  and  dimensions  of  gauzes  and  oils  used  are 
given  in  Table  1. 


Fia.  2. — Sapbtt  Laufs  Nob.  1  to  7  Tested  for  Illuminatino  Powbr, 

Lamp  No.  1  is  an  ordinary  Davy  with  aluminum  frame. 

Lamp  No.  2  is  a  Davy  lamp  with  bonnet  and  glass  shield  surrounding 
the  lower  portion  of  the  gauze  but  which  could  be  hfted  when  testing. 
It  is  also  known  as  the  Hughes-Evan  Thomas  lamp.  Normally  it  takes 
its  fur  through  openings  in  the  base  ring  covered  on  the  inside  by  the 
lower  end  of  the  gauze. 

Lamp  No.  3  is  of  the  same  type  but  with  aluminum  oil  vessel,  frame, 
and  bonnet.    Also  it  has  a  Hailwood  porcelain  flat  wick  burner. 
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Lamp  No.  4  is  an  ordinary  improved  Clanny  unbonneted  with  brass 
oil  vessel  and  frame. 

Lamp  No.  5  is  constructed  on  the  principle  of  a  Clanny,  unbonneted, 
but  the  gauze  consists  of  perforated  sheet  copper  instead  of  woven  wire. 


Fio.  3.— JiAMPa  Noa.  8  to  14  Tebted  roB  iLLuuNATiNa  Power. 

It  is  also  equipped  with  a  Hailwood  porcelain  flat  burner  and  brass  oil 
vessel  and  frame. 

Lamp  No.  6  is  a  bonneted  Clanny  very  similar  to  the  lamp  known  as 
the  Evan  Thomas  No.  7.    The  air  is  admitted  through  openings  in  the 


Pia.  4. — Gasoune-Bubning  Lamps  Tbsted. 

lower  part  of  the  bonnet,  and  a  deflecting  rii^  is  placed  between  these 
openings  and  the  gauze,  requiring  the  air  to  pass  upward  and  over  this 
deflector.  The  oil  vessel  and  frame  is  brass  and  bonnet  is  of  sheet 
iron. 
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Lamp  No.  7  is  a  standard  Hailwood  working  lamp  constructed  on  the 
Marsaut  principle  with  two  gauzes.  Oil  vessel  and  frame  of  brass, 
bonnet  of  sheet  iron,  and  porcelain  flat-wick  burner. 

Lamp  No.  8  is  a  bonneted  Clanny  with  smoke  gauze. 

Lamp  No.  9  is  a  Marsaut  type  with  Stokes  shut-off  ring  at  base  of 
bonnet  by  which  air  is  admitted  at  that  point  or,  when  closed,  forced 
to  enter  the  lower  set  of  holes  near  the  top  of  bonnet  and  pass  down 
behind  a  deflecting  ring  extending  from  just  above  the  inlet  openings 
to  about  the  middle  of  the  bonnet.  The  lamp  is  fitted  with  Hailwood 
flat-wick  porcelain  burner. 

Lamp  No.  10  is  a  Beard  Deputy  with  Beard-Mackie  sight  indicator. 
The  circulation  of  air  is  on  the  Eloin  principle,  the  air  entering  through 
gauze-covered  openings  around  the  base  below  the  flame. 

Lamp  No.  11  is  a  testing  lamp  of  English  manufactiu-e.  By  means 
of  a  sliding  ring  around  the  base  the  air  may  enter  gauze-covered  open- 
ings below  the  flame,  or,  when  these  are  closed,  it  enters  through  open- 
ings in  the  lower  part  of  the  bonnet  passing  through  the  lower  part  of 
the  gauze  as  in  the  ordinary  Clanny  lamp. 

Lamp  No.  12  is  an  ordinary  Ashworth-Hepplewhite-Gray. 

Lamp  No.  13  is  an  improved  Ashworth-Hepplewhite-Gray  with  Hail- 
wood porcelain  flat-wick  burner  and  six  hollow  inlet  tubes  from  top  to 
bottom,  each  with  an  opening  at  the  bottom,  instead  of  four  inlet  tubes 
as  in  the  ordinary  form  No.  12. 

Lamp  No.  14  is  an  improved  Gray  lamp  with  brass  flat-wick  burner. 
A  single  hollow  standard  of  large  size  connects  the  gauze-covered  air 
inlet  in  the  base  with  the  interior  of  the  bonnet.  This  standard  has 
an  opening  near  the  bottom  with  sliding  sleeve  to  cover  it.  The  gauze  is 
of  much  larger  diameter  than  those  of  Nos.  12  and  13. 

Lamps  No.  15  and  17  are  respectively  round  and  flat-wick  Koehler's, 
burning  gasoline. 

Lamp  No.  18  is  a  flat-wick  Cremer,  burning  gasoline,  diflfering  from 
the  Koehler  and  Wolf  in  the  construction  of  the  bonnet.  The  air  enters 
through  slots  in  the  circumference  of  the  base  of  the  bonnet  and  not 
through  perforations  along  the  sides.  It  has  a  corrugated  expansion  ring 
between  the  base  of  bonnet  and  flange  of  the  gauzes  similar  to  the 
Koehler. 

Lamps  No.  19  and  20  are  respectively  standard  round-  and  flat-wick 
Wolf's. 

The  five  gasoUne  lamps  are  all  fitted  with  Pyro  igniters. 

The  illuminating  power  of  some  of  the  types  tested  as  quoted  by 
other  authorities  is  given  in  Table  2.     A  wide  variation  in  some  cases 
will  be  noted.    It  may  be  proper  to  mention  at  this  point  that  some  of 
the  results  obtained  were  checked  by  testing  the  same  lamps  with  a. 
Bunsen  type  photometer,  the  results  agreeing  closely.    The  greatest 
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difference  will  be  noted  in  Nps.  10  and  12.  No.  10  was  an  aluminum 
Beard-Deputy  with  Beard-Mackie  sight  indicator.  To  check  results 
on  this,  No.  10a  was  tested  with  one  oil.  No.  10a  lamp  was  identical 
except  that  it  was  made  of  brass,  the  indicator  was  omitted,  and  it  did 
not  have  a  bonnet.  The  results  on  No.  12,  A-H-G  lamp,  were  checked 
with  a  dupUcate  lamp,  the  results  agreeing  within  5  ppr  cent.  The 
good  lighting  power  of  No.  13  over  No.  12  is  undoubtedly  due  to  the 
better  air  supply  of  No.  13.  As  noted  in  Table  1,  this  lamp  has  six  air 
tubes  each  with  an  air  hole  at  the  base,  whereas  No.  12  has  four  tubes 
with  air  inlets  near  the  base  in  two  only.  A  considerable  difference  will 
also  be  noticed  between  the  observed  candlepower  of  the  Wolf  type 
lamps  and  the  generally  accepted  candlepower  with  a  value  of  1. 

Table  2. — Illuminating  Power  of  Certain  Lamps  According  to  Different 

Authorities 

(Expressed  in  Candlepower) 


Authority 

Type 

1 

Beard 

Coal  ft 

Metal 

Miner's 

Pocket 

Book 

Mines 
Accident 

Com- 
mission 

1 

J.  A. 
Longden 

Prussian 

Fire 

Damp 

Com. 

Lttpton, 

Parr* 

<  Perkins 

• 

> 
< 

Davy  (common) 

0.18 

• 

0.47 

0.16 

0.16 

0.12(y- 
0.16 

0.126 

0.10 

•  • 

0.21 
0.26 

•  • 

■   ■ 
* 

•  • 

•  • 

•  • 

'n  lii 

0.317 

Clanny  (various  types) 

0.25-0.60 

0.20 

•  •  «   • 

•  •   • 

•  •  •  • 

■  •  •  » 

Clanny.  unbonneted 

•  •  ■   •  • 

•  •  ■  • 

0.60 

0.23 

0.62 

•  •  •  • 

0.419 

Clanny.  bonneted 

•  • 

•  • 
■  • 

•  •  •  • 

0.31- 
0.64 

«  •  • 

•   •  •  • 

•  •  •  « 

0.40 

Evan  Thomas  No.  7 

0.40 

0.46 

0.46 

«  •  • 

•    •    •   a 

.... 

0.437 

Marsaut  (2  gause) 

0.60 

0.66 

■  •  •  • 

•  •  • 

•    •    •    • 

0.57fi 

Ashworth-Hepplewhite- 
Gray 

0.66-0.79 

•  «  •  • 

•  •  •  • 

0.66 

«    •    «    • 

1   00 

0  77 

0.75 
0.75 

Beard.     Eloin-Marsaut     (2 
gause) 

0.76 

•  ■  •  ■ 

•           • 

■   ■   • 

i 

•    •    •    • 

.... 

Wolf 

0.80-1.00 

0  00     1 

•  •  • 

0.66 

0.40 

•  •  •  • 

Conditions  of  Test 

After  being  cleaned,  filled,  and  Ughted,  the  flame  of  each  lamp  was 
adjusted  to  a  normal  height  suitable  for  working  conditions,  as  near  as 
it  was  possible  to  judge.  This  was  ordinarily  done  by  turning  up  the 
flame  until  it  would  begin  to  smoke  and  then  slowly  lowering  it  until  it 
stopped  smoking.    The  lamps  were  then  allowed  to  stand  20  to  30  min. 
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or  until  all  parts  were  thoroughly  warmed  up,  before  the  first  readings 
were  taken.  The  flames  were  again  adjusted  just  before  the  readings 
were  made.  They  were  also  maintained  at  approxigiately  a  working 
height  throughout  the  time  of  8  hr.  and  carefully  adjusted  at  each 
observation. 

Illuminanta 

The  oils  used  were  Eiu-eka  Safety  Lamp  oil,  Mineral  Sea  oil,  pure 
sperm  oil,  pure  lard  oil,  a  mixture  of  lard  oil  and  kerosene,  and  gasoUne. 
The  first  two  are  mixed  oils  sold  on  the  market  under  the  trade  names 
given.  Eureka  Safety  Lamp  oil  is  apparently  a  mixture  of  lard  or  cotton 
seed,  possibly  both,  and  a  petroleum  oil.  Mineral  Seal  is  a  mixture  of 
fish  or  sperm  oil  and  petroleum  oil  with  possibly  other  ingredients.  The 
mixture  of  lard  oil  and  kerosene  was  prepared  for  the  pm-pose  of  this  test 
and  was  composed  of  50  per  cent,  lard  oil  and  50  per  cent,  kerosene  by 
volume.  Pure  lard  oil  was  tried  in  all  the  lamps,  but  even  after  they  were 
warmed  up  such  constant  attention  was  required  to  keep  them  burning 
properly  that  any  results  obtained  would  have  been  of  no  practical  value. 

The  specific  gravities  of  the  oils  and  the  corresponding  gravity  on  the 
Baum6  scale  are  given  in  Table  3. 

Table  3. — Specific  Gravity  of  Safety'Lamp  Oils  at  18°  C 


Oil 

Specifio 

Gravity,  Water  - 

1.00 

Degrees,  Bauini6 

Eureka  Safety  Lamp 

0.863 
0.818 
0.900 
0.913 
0.860 
0.695 

32 

Mineral  Seal 

41 

Sperm 

25 

Lard 

23 

»    

I^rd  50  per  cent. ;  kerosene  50  per  cent . 

Gasoline 

32 
72 

ConcliLsions 

The  average  candlepower  for  the  different  oils  indicates  clearly  the 
advantage  of  a  mixed  oil  or  the  addition  of  petroleum  oil.  The  average 
illuminating  powers  of  lamps  Nos.  1  to  14  for  the  different  oils,  excepting 
gasoline,  are  given  in  Table  4. 

Table  4. — Average  Illuminating  Power  of  Different  Oils 


Oil 

Average  Candlepower           Speoifio  Gravity  of  Oil 

50  per  cent,  lard,  50  per  cent,  kerosene . 
Eureka  Safetv  Lamp 

0.333 
0.318 
0.316 
0.296 

0.860 
0.863 

Mineral  Seal 

0.818 

Sperm 

0.900 
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There  is  apparently  no  definite  variation  of  candlepower  with  the 
specific  gravity  of  the  oil,  for  although  sperm  oil  is  the  heaviest  and  has 
the  lowest  average  illuminating  power,  Mineral  Seal,  the  Ughtest,  is 
intermediate  in  illuminating  power  between  sperm  and  the  other  two 
heavier  oils. 

In  addition  to  better  Ughting,  the  mixed  oils  burned  more  freely  and 
required  less  attention  to  the  wick  and  flame,  but  showed  a  sUghtly 
greater  incUnation  to  smoke  than  the  pure  sperm  oil.  The  better  illu- 
minating power  of  the  mixed  oils  is  especially  noticeable  in  Lamps  Nos. 
4,  6, 10,  and  11.  The  effect  of  a  bonnet  in  decreasing  illuminating  power 
is  indicated  to  some  extent  in  Lamps  IvTos.  10  and  10a,  identical  except  for 
a  bonnet.  With  the  mixed  lard  and  kerosene  a  difference  of  0.04  candle- 
power  is  noted. 

The  effect  of  admitting  the  air  below  the  flame  or  even  at  the  base  of 
the  bonnet,  instead  of  higher  up,  is  shown  conclusively  in  lamps  Nos.  9 
and  11,  constructed  so  that  air  could  be  admitted  in  different  ways. 
In  No.  9,  the  results  given  in  Table  1  were  obtained  with  air  entering 
at  base  of  bonnet;  the  same  lamp  with  air  entering  near  the  top  of  the 
bonnet  and  passing  downward  between  bonnet  and  deflecting  ring  gave 
an  average  candlepower  of  0.24  with  Eureka  oil,  0.07  less  than  the  value 
given  in  Table  1.  With  No.  11  the  results  are  even  more  pronounced. 
With  the  inlet  at  the  bottom  closed,  and  air  entering  at  base  of  bonnet 
and  gauze,  the  average  candlepower  with  Eureka  oil  was  0.23,  while 
with  air  entering  below  the  flame  it  was  0.36,  a  difference  of  0.13  or  36 
per  cent. 

In  testing  the  lamps  with  flat  wicks,  the  candlepower  was  in  all  cases 
taken  in  a  line  normal  to  the  width  of  the  flame.  The  decrease  in  light- 
ing edgewise  to  the  flame  was  much  less  than  anticipated.  For  the  oil 
lamps  the  candlepower  edgewise  varied  from  6  to  20  per  cent,  less  with 
an  average  of  10.5  per  cent.  For  the  gasoUne  lamps  the  illumination 
edgewise  was  4  to  7  per  cent.  less. 

With  the  exception  of  gasoUne,  the  decrease  of  candlepower  during 
the  8  hr.  seems  to  vary  inversely  as  the  illuminating  power  of  the  oil. 
Sperm  oil  gave  an  average  candlepower  for  14  lamps  when  freshly  lit  of 
0.301  and  after  8  hr.  of  0.304,  a  gain  of  1  per  cent. ;  Eureka  oil  gave  at  the 
beginning  an  average  of  0.323  cp.  and  after  8  hr.  0.308  cp.,  a  decrease  of 
4.3  per  cent.;  Mineral  Seal  at  beginning  an  average  of  0.340  cp.  and  after 
8  hr.  0.314  cp.,  a  decrease  of  7  per  cent.;  a  mixture  of  50  per  cent,  lard 
and  50  per  cent,  kerosene  at  the  beginning  gave  an  average  of  0.403  cp. 
and  after  8  hr.  0.296  cp.,  a  decrease  of  26.5  per  cent.  To  determine 
whether  the  decrease  in  candlepower  was  due  to  the  lighter  part  of  the 
oil  burning  off  first,  leaving  a  heavier  residue,  the  specific  gravity  of  the 
oil  remaining  in  the  lamps  after  burning  the  mixture  of  kerosene  and 
lard  oil  was  determined.     This  was  found  to  be  0.865  or  0.005  greater 
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than  the  original  oil.  As  this  is  only  0.58  per  cent,  gain,  it  is  within  a 
possible  experimental  error,  and  it  would  be  hardly  safe  to  assume  from  it 
that  there  was  a  separation  of  the  oils.  It  would  be  more  reasonable 
to  conclude  that  the  decrease  in  illumination  was  due  to  the  more  rapid 
deposit  of  soot  on  the  gauze  and  a  film  of  unburned  carbon  on  the  glass 
when  burning  oils  containing  petroleum  products,  than  when  burning 
pure  sperm  oil. 

With  the  gasoline  lamps,  the  illuminating  power  decreased  in  8  hr. 
from  an  average  of  0.65  to  0.62  cp.  or  4.6  per  cent. 


TRANaACTIONS  OF  THB  AMBRICAN  INSTITUTE  OF  MINING  BNGINBBR8 
[SPBJBCT  TO  BBYI8IOK] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ahould  praf«nUjr  be  pmented  in  dmmb  at  the 
Ariiena  meetini^,  September,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  iiimpoati' 
ble,  then  diaeumon  m  writing  niay  be  tent  to  the  Editor.  Ameriean  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  V..  for  presentation  by  the  Seeretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  disoussion  of  this  paper  will  close  Nov.  1,  1916.  Any 
diMosnon  oiferad  thereafter  snould  preferably  be  in  the  form  of  a  new  paper. 


Iron  Pyrites  Deposits  in  Southeastern  Ontario,  Canada 

BT  P.   B.   HOPKINS/  B.  A.,  B.  8.,   TOBONTO,   ONT. 
(Arisona  Meeting,  September,  1916) 

Introdiidion  and  History 

In  speaking  of  the  economic  geology  of  southeastern  Ontario,  W.  G. 
Miller  and  C.  W.  Knight^  say  that  "there  occurs  in  southeastern  Ontario 
a  variety  of  minerals  and  rocks  of  economic  value,  probably  as  great  as 
in  any  district  of  like  size  on  the  North  American  continent.  Some  of 
these  deposits,  including  marble  and  trap,  are  inexhaustible.  Others, 
including  talc  and  iron  pyrites,  have  proved  to  be  of  considerable  economic 
importance.  From  time  to  time,  during  the  last  50  years,  the  following 
minerals  and  rocks  have  been  mined  or  quarried  with  varying  success: 
gold,  iron  pyrites,  zinc  blende,  copper  pyrites,  galena,  mispickel,  mag- 
netite, hematite,  talc,  actinolite,  mica,  marble,  ophicalcite,  feldspar, 
fluorite,  apatite,  corundum,  graphite  and  sodalite.  All  of  the  eco- 
nomic materials,  with  the  exception  of  fluorite,  appear  to  be  of  pre- 
Cambrian  age.  The  fluorite  veins  penetrate  the  Ordovician,  Black 
River,  limestone." 

Accompanying  that  report  was  an  article  by  the  writer  on  the  Queens- 
boro  Pyrite  Area  which  includes  one  of  the  two  working  pyrite  properties 
in  southeastern  Ontario. 

In  the  present  paper  will  be  given  a  brief  description*  of  all  the  known 
pyrite  deposits  in  the  area  which  may  at  some  time  possess  an  economic 
value,  with  fuller  descriptions  of  the  two  working  mines — The  Canadian 
Sulphur  Ore  Co.'s  mine  near  Queensboro,  and  the  Nichols  Chemical  Co.'s 
property  at  Sulphide. 

The  earliest  mining  of  iron  pyrites  in  Ontario  was  done  in  1868  on 
the  Billings  property  near  Brockville.  The  mines  were  closed  down  in 
1879  under  the  assumption  that  they  were  exhausted.    Many  other 


^  AflBifltant  Geologist,  Bureau  of  Mines,  Toronto,  Ontario,  Canada. 

*The  Pre-Cambrian  Geology  of  Southeastern  Ontario,  Annual  Report^  Ontario 
Bureau  of  Mines,  vol.  22,  part  2  (1913). 

*  The  information  regarding  the  various  pyrite  prospects  in  southeastern  Ontario 
is  Bummarised  from  E.  L.  Fraleck's  comprehensive  report  on  Iron  Pyrites  in  "Ontario, 
Annual  Report,  Ontario  Bureau  of  Mines,  vol.  16,  part  I,  pp.  149-201  (1907). 
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pyrite  deposits  have  been  worked  for  gold,  iron  or  copper  at  some  time. 
The  steady  pyrite  industry  of  the  Province  began  in  1900  when  ore  from 
the  Bannockbum  mine  was  produced.  Mines  in  Hastings  County  have 
been  steady  producers  since  that  time.  An  acid-making  plant  has  been 
in  operation  at  Sulphide  since  1907  by  the  Nichols  Chemical  Co.  for  the 


Fig.  1. — Sketch  Map  Showing  Pre-Cambrian  and  Paleozoic  (Hatched) 
Areas  in  Southeastern  Ontario.  The  Numbers  Indicate  the  Locations,  of 
Properties  Described. 

treatment  of  its  ore  at  Sulphide.  The  company  also  buys  the  ore  mined 
from  other  properties  in  the  neighborhood.  Another  plant  for  treating 
custom  ore  is  operated  by  the  Grasseli  Chemical  Co.  at  Hamilton.  These 
two  plants  treat  the  bulk  of  the  eastern  Ontario  production,  the  remainder 
being  shipped  to  the  United  States. 
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Becently  a  large  percentage  of  the  production  has  been  coming  from 
the  Vermilion  Lake  deposits'  in  northwestern  Ontario,  the  ore  being 
slupped  to  United  States  ports  on  the  great  lakes.  Another  property,  the 
Goudreau  Lake  deposits/  has  been  recently  developed  and  expects  to 

Table  1. — List  Showing  the  Locations  of  Pyrite  Deposits  in  Southeastern 

Ontario^ 

BrochriUe  Section. 

1 1.  Bcpckville  Chemical  Co.  (Billings  property);  lot  19,  con.  2,  Elixabethtown 
township. 

1 2.  Sloan  prospect;  lot  18,  con.  2,  Elizabeth  town  township. 

3.  Shipman  prospect;  about  6  miles  west  of  the  Billings  (No.  1). 
LoMsrh  County. 

1 4.  Mcllwraith  mine;  lot  5,  con.  4,  Darling  township. 
5.  Ladore  prospect;  lot  19;  con.  7,  Dalhousie  township. 
Hastings  County. 
tt  6.  Bannockbum  (or  Jarman)  mine; lot  25,  con.  6,  Madoc  township. 

*  7.  Hungerford  mine  (Nichols  Chemical  Co.);  lot  23,  con.  12,  Hungerford 

township, 
t  8.  Canada  mine  (formerly   Oliver  Prospect);  lot  26,  con.   12,  Hungerford 
township. 
9.  Himgerford  Western  Extension ;  parts  of  lots  21  and  22,  con.  12,  Hungerford 
township. 

1 10.  Ontario  Sulphur  Mines,  Ltd.;  northwest  quarter  of  east  half  of  lot  21,  con 
12,  Hungerford  township. 

1 11.  Queensboro  mine;  lot  11,  con.  11,  Madoc  township. 

^  12.  Canadian  Sulphur  Ore  Co.  (formerly  Wellington  prospect)  N.  3^  lot-  9,  con 

10,  Madoc  township. 
1 13.  Davis  or  Palmer  prospect;  lot  10,  con.  10,  Madoc  township. 

14.  Farrell  prospect;  2  miles  northeast  of  Madoc  village. 
1 15.  McKenty  prospect;  2  miles  east  of  Madoc  village. 

16.  Little  Salmon  Lake  deposit;  lot  23,  con.  7,  Cashel  township. 

17.  Gunter  property;  lot  23,  con.  4,  Cashel  township. 
Other  Eastern  Ontario  Prospects. 

18.  Snooks  prospect;  lot  7,  con.  14,  Loughborough  township,  Frontenac  Co. 

19.  Stalker  prospect;  lot  42,  con.  6,  Clarendon  township,  Frontenac  Co. 

20.  Foley  prospect;  5}^  miles  north  of  Enterprise  Sta.,  Lennox,  Addington  Co. 

21.  Caldwell  prospect;  lot  1  con.  1,  Blithfield  township,  Renfrew  Co. 

*  Mines  now  working  (April,  1916)  and  shipping  pyrites, 
t  Properties  which  have  shipped  pyrites. 

t  Properties  which  have  shipped  hematite  or  Umonite. 

'  £.  S.  Moore:  Vermilion  Lake  Pyrite  Deposits,  Annual  Report,  Ontario  Bureau  of 
Mines,  vol.  20,  part  I,  pp.  199-209  (1911). 

T.  F.  Sutherland:  Northern  Pyrites  Company,  Annual  Report,  Ontario  Bureau 
of  Mines,  vol.  24,  part  I,  pp.  94r-95  (1915). 

*  A.  L.  Parsons:  Goudreau  Pyrite  Claims,  Annual  Report,  Ontario  Bureau  of  MineSf 
vol.  24,  part  I,  p.  211  (1915). 

T.  F.  Sutherland:  Madoc  Mining  Company,  Annual  Report,  Ontario  Bureau  of 
Mines,  vol.  24,  part  I,  p.  107  (1915). 

*  The  number  of  each  property  refers  to  the  corresponding  number  showing  its 
position  on  the  accompanying  map. 
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commence  at  once  supplying  large  tonnages.  The  Helen  mine,^  operated 
by  the  Algoma  Steel  Corporation,  produces  some  pyrite  which  is  treated 
in  its  plant  at  Sault  Ste.  Marie. 

The  iron  pyrites  resources  of  Ontario  are  of  considerable  extent  and 
value,  in  the  last  15  years  638,755  tons,  worth  $1,438,122,  having  been 
produced,  the  greater  part  coming  from  southeastern  Ontario.  During 
the  coining  years  there  wUl  imdoubtedly  be  a  steady  increase  in  produc- 
tion. The  war  has  had  a  stimulating  effect  on  the  demand  of  the  United 
States  for  pyrite  from  Ontario. 

Brochvilh  Section 

The  BrockviUe  Chemical  Co,,  No.  1,^  began  mining  for  pyrite  on  the 
Billings  property  in  1868.  The  ore  occurred  in  a  series  of  lenses  con- 
formable to  the  lamination  of  a  highly  foliated  pink  granite  gneiss.  The 
lenses,  which  consist  of  pyrite  and  calcite  in  parallel  lines,  strike  north- 
east and  dip  to  the  southeast.  The  richer  shoots  of  ore  were  gouged  out 
and  no  timbering  was  done.  The  main  pit  was  sunk  250  ft.  The  ore 
was  used  for  making  acids  in  Brockville,  the  sulphuric  and  mixed  acids 
being  used  at  the  fertilizer  and  dynamite  works  in  and  near  Brockville. 
Operations  of  all  kinds  ceased  in  1880.  The  evidence  of  the  men  who 
worked  in  the  old  pits  is  to  the  effect  that  they  were  never  completely 
exhausted. 

Sloan  Prospect,  No.  2. — ^A  band  of  gossan  strikes  in  a  northeast  direc- 
tion across  the  property  and  dips  to  the  southeast.  The  20-ft.  inclined 
shaft  passes  through  6  or  8  ft.  of  gossan.  There  is  a  width  of  3  ft.  of 
solid  pyrites  on  the  foot  wall,  the  remainder  of  the  shaft  being  in  alternat- 
ing bands  of  pyrite  and  crystallized  calcite  in  equal  amounts.  Eighty 
tons  of  ore,  running  40  per  cent,  sulphur,  were  shipped  to  Buffalo  and 
Capelton. 

The  Buffalo-Brockville  Mining  Co.  shipped  a  small  tonnage  from  this 
lot  during  1911  and  1912. 

Shipman  Prospect,  No.  3. — The  pyrite,  which  is  much  intermixed  with 
pyrrhotite  and  country  rock  (gneiss),  has  been  mined  from  an  irregular 
pit  40  ft.  long  and  30  ft.  wide. 

Lanark  County 

Mcllwraith  Mine,  No.  4. — The  deposit,  which  is  covered  by  14  ft. 
of  gossan,  strikes  north  of  east  along  a  contact  between  diorite  on  the 

*  A.  L.  Parsons:  Helen  Mine,  Annual  Report,  Ontario  Bureau  of  Mines,  vol  24, 
part  I,  pp.  202-206  (1915). 

'  The  numbers  following  mention  of  the  pyrite  properties  refer  to  corresponding 
nimibers  showing  their  positions  on  the  accompanying  map,  and  in  Table  1. 
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south  and  crystalline  limestone  on  the  north,  and  dips  60"  to  the  south, 
t    ^"ffi"*  opened  for  gold.    In  1899  and  1900  the  shaft  was  deepened 

1  ii!  ,  *  ^^^^'  *"°°^*  ™°  *^°°8  the  strike  of  the  deposit,  disclosing 
a  length  of  over  90  ft.  of  clean  high-grade  pyrite  inclosing  lenses  of  quartz. 
A  i^ft.  crosscut  to  the  south  did  not  pierce  the  width  of  the  deposit. 
X  nree  carioads  of  ore  were  shipped.  Samples  from  the  dump  and  tunnel, 
Tj  "^^^^'  8*^®  38.86  and  42.60  per  cent,  of  sulphur  respectively. 
Ladore  Prospect,  No.  6.— A  heavy  fahlband  strikes  north  of  east 
along  the  contact  of  a  coarse  amphibolite  and  a  fine-grained  gray  granite. 
I  ne  trenches  and  shallow  pits  expose  a  gossan  in  the  form  of  bog  iron  ore, 
Dut  pynte  in  quantity  was  not  located.  The  fahlband  continues  into 
tne  adjoinmg  lot  to  the  east  along  a  contact  of  crystaUine  limestone  and 
granite. 

Bannockbum  Mine,  No.  6.— In  1898,  the  property  was  opened  as  an 
iron  mme,  11  car  loads  of  limonite,  running  about  38  per  cent,  in  iron  and 
low  m  sulphur,  having  been  shipped.  This  ore  was  merely  a  gossan  8  to 
i&  ft.  deep  which  capped  iron  pyrit^  deposits.  The  pyrites  occurred  as 
two  lenses  at  nght  angles  to  each  other,  but  conforming  in  strike  and  dip 
with  the  inclosing  rock,  a  chloritic  schist.  Limestone  covers  the  apex  of 
ttie  fold  of  the  lenses.    The  south  lens,  which  is  160  ft.  long  and  8  to  16 

JT^o^*^  ""''^^  ^  *  "^^P*^  ^'^  ^^  ^^-    ^""'^g  *^«  6  y«a™  of  operation 
aoout  580  tons  of  pyrite  per  month  were  shipped,  aU  of  which  went  to  the 

ueneral  Chemical  Co.  at  Buffalo.  The  ore  did  not  faU  off  either  in  grade 
or  quantity  with  depth,  but,  owing  to  the  hazard  of  open-pit  mining, 
operations  were  abandoned  in  August,  1906. 

Hutt^erford  Mine,  No.  7.— This  property  was  opened  40  years  ago 
«  a  gold  property,  and  a  smelter  was  erected  to  extract  gold  from  the 
1  J^°  Py"'®-  '^^^  Nichols  Chemical  Co."  re-opened  the  mine  in  June, 
iww.  Owing  to  some  difficulty  about  the  title,  the  mine  was  closed  down 
in  August,  1904,  but  operations  were  resumed  in  August,  1905,  and  have 
since  been  continuous.  Since  1907  acid  works  have  been  in  operation 
lor  the  treatment  of  company  ores,  and  other  ores  in  the  vicinity, 
f  nk  !°^  through  this  property,  and  extending  beyond,  is  a  large 
aUband  striking  25»  north  of  east  and  traceable  for  '2  miles.  Level  farm 
Bad  to  the  south  is  underlain  by  garnetiferous  crystaUine  schist  cut  by 
massive  diorite,  into  which,  500  yd.  north  of  the  deposits,  has  been 
intruded  a  pmk  hornblende  granite  that  rises  above  the  country  in  a 
senes  of  rugged  hills,  locally  called  the  Bald  Mountains.  The  granite  has 
protected  the  deposits  from  denudation.  The  deposits  are  strung  along 
tne  contact  of  the  diorite  and  the  schist,  the  strike  of  lenses,  contact 
tahlband,  and  schist  being  identical.  ' 

^The  pyrite  occurs  in  three  parallel  deposits  striking  with  the  schist 

•  W.  H.  Nichols,  President,  25  Broad  St.,  New  York. 
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and  dipping  60°  to  the  eoutb.  The  middle  one,  which  does  not  outcrop 
OD  the  surface,  hes  85  ft.  from  the  Bouth  vein  and  45  ft.  from  the  norUi 
deposit.  The  north  deposit,  upon  which  most  of  the  work  has  been  done, 
vaiies  in  width  from  6  to  22  ft.  It  has  been  exploited  to  a  length  of  620 
ft.  and  to  a  depth  of  575  ft.,  and  the  ore  still  continues.  The  length  as 
indicated  on  the  surface  is  about  500  ft.  There  are  now  two  shafts  on 
the  property  and  about  3,500  ft.  of  drifting  has  been  done  on  the  orebodies 
on  the  six  levels. 

The  ore  is  coarsely  granular  and  makes  a  large  percentage  of  fines. 
The  main  impurity  is  calcite,  although  there  is  also  some  quartz  present. 
A  small  quantity  of  pyirhotite  occasionally  occurs,  mainly  in  the  north 
lode  next  the  foot  wall.  The  average  percentage  of  run  of  mine  ore  is 
about  35  per  cent.,  the  fines  being  much  higher. 

The  acid  works  have  been  successfully  operated  since  their  comple- 
tion in  July,  1907,  and  machinery  has  been  installed  at  various  times  to 
increase  the  capacity  and  to  make  new  acids.  At  present  sulphuric, 
hydrochloric,  nitric  and  mixed  acids  are  made  by  the  contact  process  and 
shipped  in  the  company's  tank  cars  to  various  parts  of  Ontario  and 
Quebec. 

Electric  power  supplied  by  the  Seymour  Power  and  Electric  Co.  is 
used  throughout  the  mine  and  acid  works. 

The  Canada  Mine,  No.  8,  which  was  formerly  the  Oliver  prospect, 
'.  operated  by  the  Nichols  Copper  Co.  on  the  east,  and  is 
ame  fahlband.  The  lode  strikes  east  and  west  and  dips 
,.  During  part  of  1907,  the  Canadian  Pyrites  Co.  sank 
on  the  deposit  to  a  depth  of  1 10  ft.  and  did  some  drif tiog 
'el,  together  with  some  diamond  drilling.  The  deposit 
I  7  ft.  in  width.  The  ore  on  the  dump  is  pyrite  with  a 
pyrrhotite,  which  will  grade  upward  of  40  per  cent,  in 

3rd  Western  Extension,  No.  9,  was  fairly  well  prospected 
ins  of  surface  trenches  at  regular  intervals  along  the 
Iband.  The  western  lens  had  been  exploited  by  surface 
igth  of  500  ft.,  exhibiting,  near  the  line  between  the  lote, 
from  16  to  18  ft.  of  ore,  which  will  grade  from  42  to  44 
r.    The  only  impurity  consists  of  small  included  lenses 

lenses  are  presumably  continuations  of  the  Hungerford 

ft.  wide  occurs  on  the  south  end  of  the  property,  but  not 
I  been  done  to  determine  the  extent  of  the  deposit. 
Sulphur  Mines,  Limited,*  No.  10,  commenced  work  m 


'  Formerly  the  Cr&ig  property. 


p.   £.   HOPKINS  1367 

March,  1908,  and  continued  until  the  end  of  1911,  save  for  2  months  in 
the  summer  of  1910.  The  pyrite  deposit  on  which  work  has  been  done 
is  located  about  J^  mile  west  of  the  Hungerford  mine.  It  appears  to  be 
a  lens  pitching  toward  the  southeast.  A  shaft  has  been  sunk  300  ft., 
with  225  ft.  of  drifting  on  the  100-ft.  level  and  250-ft.  on  the  200-ft. 
level.  According  to  A.  W.  G.  Wilson,^®  "The  total  shipments  from  the 
property  up  to  the  first  of  May,  1911,  have  been  4,821  long  tons  of  ore 
averaging  36}^  per  cent,  sulphur.''  In  one  place  the  deposit  is  30  ft. 
wide. 

The  Sulphide  Chemical  Co.  operated  the  property  from  the  spring  of 
1914  until  the  following  November,  diu'ing  which  time  the  mine  was 
dewatered  and  considerable  ore  was  raised  and  shipped."  No  work  has 
been  done  since. 

The  Queenaboro  Mine  (Blakely),  No.  11,  up  to  the  autumn  of  1906 
shipped  65  carloads  of  pyrites  running  about  45  per  cent,  sulphur.  Mine 
operations  ceased  in  1908.  The  pyrite  occurs  as  a  series  of  lenses  up  to 
15  and  20  ft.  wide  along  the  contact  of  a  garnetiferous  schist  (Grenville 
in  age)  and  an  intrusive  pink  felsite  (post-Hastings  in  age).  The  ore  is 
dense,  the  only  impurity  being  thin  veinlets  of  quartz.  Cutting  a 
pyrite  lens  is  a  small  quartz  vein  containing  copper  pyrites  and  argentif- 
erous jamesonite.  In  another  place  some  zinc  blende  is  interbanded  with 
the  pyrite.  The  main  shaft  is  135  ft.  deep  with  about  175  ft.  of  drifting 
on  the  50-  and  85-ft.  levels. 

The  Cavadian  Sulphur  Ore  CoJs  Pyrites  Mine,^*  No.  12,  was  discovered 
in  1906  by  Stephen  Wellington  while  prospecting  for  iron.  Under  the 
gossan,  merchantable  iron  pyrites  was  discovered,  from  which  a  car  load 
of  iron  pyrites  was  shipped  in  1908.  Later,  the  Canadian  Pyrites  Syndi- 
^te  bought  the  property,  installed  a  small  plant  and  shipped  a  few  hun- 
<TOd  tons  of  pyrite.  In  the  spring  of  1910  the  property  was  handed  over 
to  the  present  company,  which  began  shipping  ore  3  months  later,  and 
^  continued  to  the  present.  The  mine  is  equipped  to  produce  100  tons 
^   iron  pyrites  per  day,  yielding  40  per  cent,  of  sulphur.     Since  Dec. 

'  1912,  the  mine  has  been  run  by  electricity  supplied  by  the  Seymour 

^®^  Co.  A  branch  line  2}4  niiles  in  length  from  the  Bay  of  Quinte 
is  h^^^  ^^^  Queensboro  to  the  mine  was  completed  in  1913.  The  ore 
aoufh^^^  ^  *^®  Nichols  Chemical  Co.'s  acid  plant  at  Sulphide,  11  miles 
___  ^^t,  and  to  the  chemical  companies  at  Hamilton  and  Detroit. 


^'  66  /i«^«  G.  Wilson:  Pyrites  in  Canada,  Pvblicaiion  No,  167,  Canada  Mines  Branch, 

.     "A  B' 
^^  fl9j      •  0>  Wilson :  Annual  Report,  Ontario  Bureau  of  Mines,  vol.  23,  part  I,  p. 


^*^  ^^  ^^  F'  ^'  ^^P^ins:  The  Queensboro  Iron  Pyrites  I 
l2   ^e^u  o/^*^^^»  ^oL  22,  part  II,  pp.  89-104  (1913). 
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The  pyrite  is  mined  by  underground  and  open-pit  methods.  The 
development  work  consists  of  three  shafts  and  two  open  cuts,  with  some 
diamond-drill  borings.  Nos.  1  and  2  shafts,  which  are  75  and  100  ft. 
deep  respectively,  have  been  abandoned  for  some  time.  The  work  in 
late  years  has  been  confined  to  shaft  No.  3  and  the  two  open  pits.  The 
vertical  shaft.  No.  3,  is  250  ft.  deep  with  about  800  ft.  of  drifting  on  the 
60-,  120-,  and  200-ft.  levels.  The  pyrite  deposits  are  marked  by  gossan 
outcrops  from  2  to  30  ft.  in  depth.  Beneath  are  the  pyrite  deposits, 
which  occur  as  lenses  in  contact  with  rusty  schist  to  the  south  and  white 
quartzite  to  the  north  (both  Grenville  in  age)  near  an  irregular  post- 
Hastings  intrusion  of  gray  felsite.  The  strike  of  the  deposits  is  sUghtly 
north  of  east,  while  the  dip  is  almost  vertical,  inclining  slightly  to  the 
south.  Lenses  vary  in  width  up  to  25  ft.,  but  horses  of  country  rock  are 
frequently  inclosed  in  the  pyrites. 

The  ore  is  high  grade,  ver^  little  cobbing,  if  any,  having  to  be  done. 
Ores  have  been  shipped  running  40  to  48  per  cent,  sulphur. 

The  deposits  are  free  from  impurities  such  as  arsenic,  zinc,  lead,  copper 
and  calcium.  The  pyrite  bums  satisfactorily,  and  is  in  good  demand  by 
sulphuric  acid  makers. 

The  Davis  or  Palmer  Deposit,  No.  13,  is  in  the  Grenville  limestone. 
On  the  surface  the  pyrite  is  2  ft.  in  width;  9  ft.  down  there  is  said  to  be  a 
deposit  15  ft.  wide.  A  few  carloads  of  pyrites  were  shipped  from  a  pit 
sunk  on  the  property. 

The  FarreU  Deposit,  No,  14,  lies  in  and  conforms  with  the  schist  which 
strikes  northwest.  Test  pits  for  a  distance  of  200  ft.  show  either  gossan 
or  pyrite.  A  shaft  has  been  sunk  to  a  depth  of  about  25  ft.  A  sample 
collected  by  E.  L.  Fraleck,  representing  an  average  of  75  per  cent,  of 
the  dump  (which  consists  of  about  40  tons),  yielded  40.64  per  cent,  of 
sulphur.  The  deposit  maintains  a  uniform  width  of  5  ft.,  the  only 
impurity  being  crystalline  limestone. 

The  McKenty  Prospect,  No.  15,  shipped  hematite  40  years  ago.  A 
pit  at  one  time  60  ft.  deep  has  caved  in.  An  examination  of  the  cull 
dump  reveals  the  fact  that  all  large  lumps  of  apparent  hematite  have, 
when  broken,  a  core  of  pyrites.  In  E.  L.  Fraleck's  opinion,  this  is  one 
of  many  instances  throughout  eastern  Ontario  where  hematite  consti- 
tutes the  gossan  capping  of  a  sulphide  orebody. 

The  Little  Salmon  Lake  Deposit,  No.  16,  occurs  in  a  chlorite  schist 
which  strikes  east  and  west,  the  main  rock  in  the  area  being  a  white 
crystallized  limestone,  probably  of  Grenville  age.  A  trench,  40  ft.  long, 
uncovered  pyrite  15  ft.  in  width.  An  average  of  75  per  cent,  of  the  pyri- 
tiferous  material  yielded  38.83  per  cent,  of  sulphur. 

On  the  GurUer  Property,  No.  17,  a  shaft,  20  ft.  deep,  has  been  sunk 
on  a  deposit  consisting  of  alternating  bands  of  quartz  and  pyrite  5  ft. 
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wide.  A  sample  representing  two-thirds  of  the  dump  yielded  39.50  per 
cent,  of  sulphur. 

Snooks  Prospect,  No.  17. — A  fahlband  strikes  northeast  through  a 
coarse,  impure  crystalline  limestone,  and  can  be  traced  across  the  adjoin- 
ing lot  6  to  Desert  Lake.  On  the  road  allowance,  7  ft.  of  massive  p3rrite 
and  25  ft.  of  pyrite  mixed  with  crystalline  limestone  were  uncovered  in 
obtaining  material  for  the  road. 

On  the  Stalker  Prospect,  No.  19,  is  a  well-defined  fahlband,  containing 
some  hematite,  and  striking  east  and  west.  A  small  test  pit  has  been 
sunk  on  a  lens  of  pyiite  which  shows  at  that  point  a  width  of  6  ft. 

The  Foley  Deposit,  No.  20,  occurs  in  an  outlier  of  crystalline  limestone 
surrounded  on  all  sides  at  short  distances  by  granite.  The  irregular 
deposit  consists  of  small  nuisses  of  pyrite  and  pyrrhotite  in  about  equal 
proportions.  The  work  consists  of  a  pit,  80  ft.  long,  40  ft.  wide  and  10 
to  15  ft.  deep,  sunk  on  pyrite  and  pyrrhotite  in  about  equal  proportions 
intermixed  with  pyroxene,  calcite,  mica  and  molybdenite. 

The  CaldweU  Prospect,  No,  21,  was  opened  in  the  fall  of  1915  by 
Thomas  B.  Caldwell  of  Lanark.  About  500  tons  of  ore  have  been  mined, 
but  the  sulphur  contents  are  not  known. 
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Method  of  Mining  Talc 

BY  F.  R.  HEWITT,  ASHEVILLE,  N.  C. 
(Arisona' Meeting,  September,  1016) 

The  methods  of  mining  talc  are  simple,  and  in  western  North  Carolina 
are  almost  entirely  by  open  cut  and  quarry.  The  larger  part  of  the  talc 
of  this  section  lies  in  various-sized  "veins"  inclosed  in  quartzitic  walls, 
the  majority  of  which  have  by  folding  been  thrown  into  a  perpendicular 
position,  or  nearly  so,  and  the  exposed  edges  of  which  have  been  covered 
by  debris  from  erosion  of  the  mountain  above.  This  covering  of  loose 
rocks  and  earth  is  from  5  to  25  ft.  thick,  and  in  most  cases  has  to  be 
removed  because  it  is  difficult  to  support.  Sometimes  the  covering  is 
heavy  enough  to  "catch"  and  timber  successfully,  and  in  this  case  the 
talc  can  be  worked  out  by  the  usual  method  of  following  the  "vein," 
using  stulls  for  holding  up  the  walls  until  the  vein  is  worked  out,  and  then 
allowing  the  cut  or  drift  to  fall  in. 

In  some  cases  it  proves  more  convenient  to  sink  shafts  and  run  drifts, 
following  the  talc  "veins"  until  exhausted.  The  talc  deposits  of  this 
section  are  badly  broken  and  faulted  both  laterally  and  perpendicularly, 
and  in  some  cases  are  found  many  feet  below  the  level  of  drainage, 
necessitating  pumping  at  considerable  expense. 

My  own  experience  in  mining  talc  has  been  that  the  chief  point  is  to 
get  a  reliable  "vein,"  and  that  then  the  mining  is  not  as  difficult,  or  any 
more  so  at  least,  than  that  of  any  common  ore.  If  the  "veins"  are  pure 
talc  it  is  simple;  if  the  talc  is  admixed  with  foreign  matter,  such  as  tre- 
molite  in  excess,  or  stains  of  iron  or  manganese,  as  is  often  the  case,  one 
had  better  abandon  the  deposit. 

Methods  of  Manufacture 

Talc,  being  a  soft  mineral,  is  not  difficult  to  reduce  to  the  condition 
desired  by  the  trade.^  Powdered  talc  is  admitted  under  low  duty  from 
Prance,  Italy  and  Austria,  and  some  is  being  imported  from  Asiatic 
points.  Talc  is  usually  ground  and  bolted  in  any  simple  reduction  mill. 
That  mined  in  this  section  is  hand-sorted  and  the  quality  that  will  make 
good  powdered  talc  is  ground  for  use  in  the  manufacture  of  talcum  powder, 
cosmetics,  etc.,  while  all  that  is  hard  enough  and  has  sufficient  strength 
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is  used  for  crayons  and  blanks  for  gas  burners  and  electrical  work,  being 
sawed  into  the  shapes  desired.  The  rest  that  is  clean  and  pure  is  ground 
in  mills,  of  which  many  different  kinds  are  used.  Some  people  Uke  the 
mill  stone,  while  others  prefer  the  many  kinds  of  high-speed  beater  mills 
for  grinding. 

The  manufacturing  process  can  be  summed  up  as  follows: 
More  or  less  hand-sorting  may  be  necessary,  and  in  grinding  the  talc 
must  be  reduced  sufficiently  to  pass  through  a  170-  to  200-mesh  sieve, 
silk  cloth  reels  being  commonly  used. 

Among  the  objectionable  impurities  which  it  is  almost  impossible  to 
remove  are  lumps  of  tremoUte  and  pyrite.  They  destroy  the  value  of 
the  talc  by  changing  the  color  and  making  a  coarse  and  hard  gritty  product 
which  is  not  saleable. 

Uses 

Most  of  the  talc  sold  is  used  in  the  paper,  rubber  and  paint  trade,  while 
the  lower  grades  go  largely  into  roofing.  About  one-quarter  of  the  pro- 
duction goes  into  talcum  powder.  Not  a  little  is  employed  as  a  body  or 
carrier  of  medicinal  chemicals  used  in  tablet  form. 

Much  of  the  talc  or  soapstone  is  cut  with  small  saws  into  crayons  of 
various  sizes  for  use  in  the  iron-working  trades  and  on  blackboards.  A 
growing  business  is  the  manufacture  of  gas  burners  and  small  blocks  for 
electrical  work,  which,  after  shaping  and  burning,  are  known  as  lava 
goods. 

The  two  last,  crayon  and  burner  manufacture,  are  the  most  important 
uses  of  talc,  but  the  greatest  difficulty  is  to  find  mineral  of  the  proper 
quality,  as  it  has  to  be  solid,  firm,  and  free  from  grit  and  other  foreign 
matter. 
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An  Explanation  of  the  Flotation  Process 

BT  ARTHUR  F.  TAOGART*  AND  FREDERICK  E.  BEACHyf  NEW  HAVEN,  CONN. 

(Arisona  Meeting,  September,  1916) 

Introduction 

The  flotation  process  for  the  concentration  of  ores  is  a  method  by 
means  of  which  one  or  more  of  the  minerals  in  the  ore  (usually  the  valu- 
able ones)  are  picked  up  by  means  of  a  liquid  film  and  floated  at  the  sur- 
face of  a  mass  of  fluid  pulp.  Here  they  are  separated  from  the  other 
minerals,  which  remain  immersed  in  the  body  of  the  pulp.  In  general, 
the  minerals  which  are  floated  are  sulphides  of  metallic  luster,  but  some 
other  minerals  of  metalliis  luster  such  as  graphite  and  some  sulphides 
with  adamantine  luster,  such  as  sphalerite  and  cinnabar,  are  amenable 
to  treatment  by  the  process. 

The  importance  of  flotation  lies  in  the  fact  that  it  is  primarily  a 
"slimes  process"  by  means  of  which  the  particles  of  valuable  mineral,  too 
fine  for  efficient  gravity  concentration,  are  saved  with  a  high  percentage 
of  recovery.  Recoveries  in  the  mills  treating  low-grade  copper  sulphide 
ores  have  been  advanced  10  to  20  per  cent,  by  the  installation  of  the 
process  and  similar  increased  savings  have  been  accomplished  by  the 
same  means  in  mills  treating  sulphide  ores  of  zinc  and  lead. 

When  finely  ground  ore  containing  sulphides  mixed  with  a  siliceous 
or  earthy  gangue  is  brought  gently  onto  the  surface  of  a  body  of  water, 
in  a  direction  forming  an  acute  angle  with  the  surface  of  the  water,  a 
considerable  portion  of  the  sulphide  constituent  of  the  ore  floats  on  the 
surface  of  the  liquid,  while  the  gangue  sinks.  This  is  the  so-called  film 
flotation,  exemplified  by  the  Wood  and  Macquisten  processes. 

When  gas  bubbles  are  introduced  into  a  fluid  pulp  composed  of  finely 
ground  ore  and  water,  to  which  has  been  added  (1)  a  small  amount  of 
certain  oils,  or  (2)  a  small  amount  of  certain  acids  or  acid  salts,  or  (3) 
a  small  amount  of  certain  alkalis  or  alkaline  salts,  or  (4)  a  small  amount 
of  a  mixture  of  oil  with  acid  or  alkali,  the  sulphide  particles  in  the  ore 
are  brought  to  the  surface  on  the  gas  bubbles.     These  collect  in  a  froth 

*  Assistant  Professor  of  Mining  Engineering,  Sheffield  Scientific  School,  Yale 
University. 

t  Assistant  Professor  of  Physics,  Sheffield  Scientific  School,  Yale  University. 
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heavily  laden  with  sulphide  particles.  The  gangue  particles  are  not 
brought  up  by  the  bubbles,  but  remain  in  the  mass  of  the  pulp.  This 
is  the  so-called  froth  flotation.  Its  variations,  acid-froth,  agitation- 
froth,  and  pneumatic-froth  processes  are  discussed  in  detail  later. 

The  points  to  be  explained  in  the  operation  of  these  processes  are:  (1) 
The  flotation  of  solid  particles  in  a  liquid  the  specific  gravity  of  which  is 
less  than  that  of  the  solid;  (2)  the  preferential  flotation  of  the  sulphide 
portion  of  the  mass;  (3)  the  functions  of  the  reagents  used. 


F^ 


^p 


Theory 

The  theory  here  presented  in  explanation  of  the  points  listed  in  the 
preceding  paragraph  appeals  to  the  following  physical  phenomena: 
Surface  tension,  adsorption,  adhesion  and  viscosity.  The  first  three  of 
these  are  closely  related. 

Surface  Tension 

Every  liquid  surface  in  contact  with  a  gas  or  its  vapor,  behaves  as  if 
it  were  under  tension.     The  value  of  this  contractile  force  per  unit  width 

can  be  measured.  Its  value  for  water,  74 
dynes  per  centimeter,  is  higher  than  for  any 
other  well-known  Uquid.  (Liquid  metals 
and  fused  salts  are  of  course  excepted.) 
This  Active  tension  is  a  convenient  concep- 
tion for  many  discussions  and  may  be  ex- 
plained in  terms  of  the  intermolecular  at- 
tractions of  the  substances  forming  the 
boundary.  Another  and.  very  useful  way 
of  considering  the  phenomenon  is  to  regard 
each  imit  of  surface  as  having  associated  with  it  an  amount  of  potential 
energy  which  is  numerically  equal  to  the  surface  tension.  This  relation 
is  established  as  follows: 

If  two  wires,  A  and  B  (Fig.  1),  are  so  placed  as  to  slide  on  two  fixed 
wires,  C  and  D,  and  if  the  wires, A  and  B,  having  been  in  contact,  are 
separated  a  distance  { against  the  pull  of  one  of  the  surfaces  only  of  a  film, 
mnoh,  by  applying  the  force  F,  the  work  per  imit  area  will  be 

W  _Fl  _F  _ 
A"  lb  "^  b  "  ^ 

which  is  obviously  equal,  numerically,  to  the  force  per  unit  width  or  the 
surface  tension,  T,  of  the  one  surface  considered.  Appljring  this  concep- 
tion of  surface  energy  to  different  cases  of  contact,  we  can  develop  some 
statements  of  the  relations  of  forces  which  are  important  in  explaining 
many  of  the  phenomena  observed  in  flotation. 


Fig.  1. 
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Consider  first  that  two  blocks  of  liquid,  which  have  become  rigid 

without  any  change  in  their  other  properties,  are  drawn  together  by  the 

mutual  action  of  their  forces  of  molecular  attraction  until  they  perfectly 

unite  over  an  area  A.    They  would  do  an  amount  of  work  that  we  will 

represent  by  the  letter  W.    Now  consider  that  the  same  two  bodies  when 

brought  near  together,  but  not  into  contact,  become  liquid  and  unite 

over  the  area  A.    The  work  done  is  again  W,  but  in  this  case  it  can  be 

considered  as  due  to  the  shrinkage  of  the  surface  by  an  amount  2Ay  whence 

2AT  =  W  =-  A(T  +  T),  where  T  is  the  surface  tension  of  the  liquid.     If 

two  different  Uquids  whose  surface  tensions  are  Ti  and  Tt  respectively 

were  brought  together,  the  work  due  to  the  molecular  attractions  would 

be  {Ti  +  Ti)A  =  W,  provided  there  was  complete  imion,  but  if  there  is 

not  complete  imion,  there  will  be  an  interf  acial  tension  Tn,  and  the  energy 

equation  becomes 

{Ti  +  TM  ~  Ti^A  =  W 

or 

W 
ri2  =  Ti  +  Tj  -  J 

I.e.,  the  interfacial  tension  Tn  is  the  excess  of  the  sum  of  the  two  ten- 
sions over  the  work  which  is  done  by  them  in  allowing  a  unit  area  of  the 
.  two  Uquids  to  come  into  contact.  If  a  liquid  is  brought  into  contact 
with  a  solid,  the  energy  equation  is  T^s  =  Tj,  —  Wi  (gas  or  v»por  effects 
being  excluded), 

where    Tj,  =  the  surface  tension  of  the  liquid, 

Wi  =  the  work  done  in  bringing  a  unit  area  of  the  liquid  and 
solid  into  contact, 
^^i     Tls  =  the  interfacial  tension. 

If,  therefore,  Wi  =  T^,,  the  solid  has  the  same  attraction  for  the  molecules 
of  the  Uquid  as  the  molecules  of  the  liquid  have  for  each  other  and  there 
will  be  no  interfacial  tension.  If  T^  >  W\  the  interfacial  tension  T^s  will 
be  positive;  if  Tj;  <  Wi  there  will  be  negative  interfacial  tension  or  a  sur- 
face pressure.  In  the  latter  case  the  liquid  will  tend  to  spread  over  the 
solid. 

Angle  of  Contact 

When,  as  is  the  common  case  in  the  flotation  process,  there  are  three 
substances  in  contact,  a  system  of  forces  as  shown  in  Fig.  2  is  brought 
into  play.  If  0  does  not  move  indefinitely  to  the  right  or  to  the  left, 
equilibrium  will  be  attained  when 

TsL  =  Tas  +  Taj.  cos  B 
or 

-        T^L  —  Tqs 
cos^  =         jj^- 


1376 


AN  EXPLANATION  OP  THE  FLOTATION  PBOCBS8 


where  Tasy  Tql,  and  Tsl  are  the  interfacial  tenBions  or  pressures  at  the 
gas-solid,  gas-liquid,  and  solid-liquid  contacts  respectively.  From  this 
equation  is  deduced  the  important  conclusion  that  as  Tsl  increases  with 
respect  to  Tasf  the  angle  of  contact  6  becomes  smaller  (the  gas  and  liquid 
being  the  same),  or,  in  other  words,  the  angle  of  contact  is  a  measure  of 
the  tendency  of  one  fluid  to  replace  another  on  the  surface  of  a  soUd. 
We  have  examined  the  angles  of  contact  of  the  water-air,  oil-air,  and  oil- 
water  surfaces  against  a  number  of  the  common  minerals.  We  have 
found,  in  general,  that  the  air-water  contact  angle  is  less  for  gangue 
minerals  than  for  sulphide  minerals;  that  the  air-oil  contact  angle  is  less 
for  sulphides  than  for  gangues  and  less  for  any  given  sulphide  than  the 
air- water  contact  angle;  and  that  the  water-oil  contact  with  solids  takes 
the  form  shown  in  Fig.  3. 

We  found  further  that  the  invariable  effect  of  oiling  a  solid  surface  is 
to  reduce  the  air-water  contact  angle.     This  latter  phenomenon  is  un- 
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doubtedly  aided  by  the  reduction  of  the  surface  tension  of  the  water  due 
to  contaniination  by  the  oil.     This  is  further  discussed  later. 

The  conclusions  forced  by  observation  of  the  above  phenomena  are: 

1.  That  water  has  a  smaller  tendency  to  displace  air  on  the  surface 
of  sulphide  minerals  than  on  the  surface  of  gangue  minerals. 

2.  That  the  tendency  of  oil  to  displace  air  is  greater  at  the  surface  of 
sulphide  minerals  than  at  the  surface  of  gangue  minerals. 

3.  That  oil  tends  to  displace  water  on  the  surface  of  sulphides  and 
that  water  tends  to  displace  oil  at  the  surface  of  gangue  minerals. 

4.  That  water  displaces  air  more  readily  on  an  oiled  solid  surface  than 
on  a  clean  surface  of  the  same  solid. 

5.  That  these  tendencies  toward  displacement  are  due  to  the  inter- 
facial tensions  or  pressures  existing  between  the  various  substances,  and 
that  the  resulting  action  of  these  interfacial  forces  is  a  manifestation  of  the 
tendency  toward  reduction  of  the  total  potential  energy  of  the  system. 
Wherever  an  increase  in  the  solid-fluid  interface  will  decrease  the  potential 
energy,  such  a  change  will  occur. 

These  conclusions  suggested  the  following  confirmatory  experiment. 
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A  ring,  6.17  cm.  outside  diameter  and  specific  gravity  of  1.38,  made 
of  aluminum  tubing,  0.63  cm.  diameter,  was  cleaned  and  floated  without 
trouble  on  the  surface  of  pure  water.  The  shape  of  the  water  surface  at 
the  air-water  contact  is  shown  in  Fig.  4.  The  ring  was  then  oiled  slightly. 
The  air-water  contact  angle  was  reduced,  as  shown  in  Fig.  5,  to  such  an 
extent  that  it  was  impossible  to  float  the  ring.  The  same  was  true,  as 
might  be  expected,  when  a  cylinder  of  aluminum  replaced  the  ring.  A 
similar  cylinder  of  glass  tubing  exhibited  such  a  small  air-water  contact 
angle  that  it  could  not  be  floated. 
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Fig.  4. 


Fig.  6. 


Adsorption 

The  surface  layer  between  two  physical  phases  is  the  seat  of  condi- 
tions of  density  and  viscosity,  also  of  apparent  forces  or  energy  manifesta- 
tions, which  are  notably  different  from  those  in  the  bulk  of  either  phase. 
On  philosophical  grounds  it  is  impossible  to  consider  that  a  real  physical 
discontinuity  occurs  at  the  boundary  between  two  media.  In  other 
words,  there  must  be  a  very  thin  layer  of  transition  in  which  there  is  a 
rapid  but  continuous  change  in  the  concentration  of  the  components. 
This  change  in  the  concentration  of  a  component  at  the  interface  is  called 
adsorption,  and  may  occur  even  between  two  phases  which  are  ordinarily 
regarded  as  inuniscible. 

Adsorption  at  a  gas-liquid  interface  rhay  be  demonstrated  as  follows: 
If  a  solid,  which  has  been  heated  in  a  vacuum,  is  introduced  into  a  meas- 
ured volume  of  a  gas  over  mercury  in  a  calibrated  tube,  an  amount  of  the 
gas  will  be  adsorbed,  as  is  shown  by  the  change  in  pressure  and  volume 
compared  to  the  space  originally  occupied.^  These  additional  facts  are 
established : 

(a)  The  amount  of  the  gas  adsorbed  at  constant  temperature  increases 
with  the  pressure. 

(6)  It  is  different  for  different  gases. 

(c)  It  is  different  for  different  solids. 

(d)  It  increases  as  the  temperature  decreases. 


^  Freundlich :  Kapillar  Chemie,  p.  92. 
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{e)  There  is  an  energy  transformation  which  is  indicated  by  the  heat 
developed  through  adsorption,  analogous  to  the  Pouillet  phenomena 
mentioned  later. 

(/)  Chemical  reactions  are  assisted  by  the  adsorbed  layer. 

It  follows  that  the  gas  layers  must  vary  in  density,  falling  off  rapidly 
with  increasing  distance  from  the  solid.  Quincke  assumes  that  the  den- 
sity of  the  gas  next  to  the  solid  is  equal  to  that  of  the  solid  and  concludes 
that  the  amount  adsorbed  will  increase  with  the  density  of  the  solid. 
From  these  facts  we  conclude: 

1.  That  gases  and  solids  exhibit  selective  adhesion  and  that,  therefore, 
gas  bubbles  will  attach  themselves  more  persistently  to  some  substances 
than  to  others. 

2.  That  this  selective  adhesion  is  a  manifestation  of  a  definite  amount 
of  energy  possessed  by  each  unit  area  of  a  gas-solid  contact,  and  that  this 
potential  energy  is  capable  of  variation. 

3.  That  chemical  reactions  which  diminish  this  potential  energy  are 
aided  by  adsorption. 

Adsorption  at  a  liquid-solid  surface  manifests  itself  in  a  vacuum,  or 
where  the  vapor  phase  is  negligible,  by  the  way  in  which  the  liquid  spreads 
or  gathers  itself  together  on  the  solid;  in  other  words,  in  the  way  in  which 
the  hquid  wets  or  adheres  to  the  solid.  It  is  further  manifested  by  an 
evolution  of  heat,  known  as  the  Pouillet  phenomenon.  A  calculation 
of  the  condensation  necessary  to  evolve  this  amount  of  heat,  in  the  case 
of  water  against  glass,  indicates  that  the  specific  gravity  of  water  in  the 
adsorbed  layer  is  increased  to  about  2.1.* 

Adsorption  of  the  gas  at  a  gas-liquid  surface  is  indicated 

1.  By  the  effect  on  the  surface  tension.     The  surface  tension  of  a 
,  freshly  formed  mercury  surface  does  not  change  in  a  vacuum,  but  falls 

off  in  the  presence  of  different  gases  for  about  an  hour.  Certainly  the 
density  of  a  hquid  cannot  be  constant  at  the  boundary  but  must  go  over 
continuously  into  that  of  the  gas. 

2.  By  the  increase  in  the  solvent  power  of  the  surface.* 

3.  In  the  case  of  contaminated  liquids,  by  the  concentration  of  one 
or  more  of  the  components  of  the  liquid  at  the  gas-Uquid  surface.  Every 
unit  area  of  such  a  boundary  possesses  a  definite  potential  energy  which 
always  tends  to  a  minimum.  If,  therefore,  the  surface  tension  of  a  solu- 
tion depends  upon  the  presence  of  any  component,  such  a  change  of 
concentration  of  that  component  will  occur  as  will  reduce  the  potential 
energy,  i.e.,  the  interfacial  tension.  In  other  words,  any  component 
which  reduces  surface  tension  will  be  found  in  excess  at  the  surface  of  a 
solution.  For  example,  the  surface  tension  of  water  is  greater  than  that 
of  alcohol.     Experimentally,  a  drop  of  alcohol  on  a  thin  film  of  water 

*  Lewis:  FhH,  Mag.,  20,  p.  602,  1910. 
» Pockels:  t^aluTe,  Mar.  12,  1891,  p.  439. 
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rapidly  reduces  the  eurf&ce  tension  of  the  water  and  the  latter  draws 
Aw&y  from  the  alcohol.  On  the  contrary,  a  drop  of  water  on  a  thin  film 
of  iilcohol  spread  over  glass  does  not  at  once  diffuse  into  the  film  but 
remains  gathered  in  a  heap.  Such  difiuaion  would  increase  the  aurface 
energy  of  the  system,  hence  the  water  concentrates  away  from  the  gas- 
liquid  surface.  The  greater  viscosity  of  the  surface  of  a  solution  above 
that  of  the  bulk,  or  of  that  of  a  pure  liquid,  has  long  been  recognized*  by 
its  damping  effect  upon  a  swinging  magnetic  needle  and  may  properly 
be  ascribed  to  gas-liquid  adsorption.  Closely  connected  with  this  is  the 
formation  of  elastic  solid  skins  or  very  viscous  layers  at  a  free  surface,  as, 
for  example,  in  the  case  of  solutions  of  peptone  and  dye  Etuffs.  A  pecul- 
iarity of  saponine  solution  is  the  rigidity  of  its  surface  while  the  interior 
remains  more  mobile,*  The  surface  of  a  freshly  formed  fairly  concen- 
trated solution  of  fuchsin  is  quite  mobile,  but  in  the  course  of  a  few 


Fia  6. 

bouTs  it  changes  to  a  reflecting  skin  with  solid  properties.  Similar  results 
are  obtwied  with  methyl-violet  and  peptone.  In  the  case  of  the  latter 
substance  the  skin  is  highly  elastic.  There  seems  to  be  no  doubt  that 
true  adsorption  is  present  here.  In  the  case  of  crystal-violet,  which 
closely  resembles  methyl-violet  in  its  properties,  a  solution  of  1  g.  to  the 
liter  lowers  the  surface  tension  from  75  to  69.9  dynes  per  centimeter. 
Other  causes  for  the  production  of  a  solid  layer  may,  however,  be  present, 
for  many  of  these  substances  in  concentrated  solutions  stiffen  into  gela- 
lanes  and  since  the  concentration  of  the  contaminant  is  great  at  the  aur- 
face and  the  solubihty  has  also  a  different  value,  the  solid  remains  per- 
sistently. Either  a  chemically  irreversible  change  or  a  transformation 
ioto  a  more  difficultly  soluble  phase  at  the  surface  is  clearly  the  explana- 

•  Daaiells:  Phytic*,  p.  268,  Fr.  p.  76. 

*  Boys:  Soap  BviAUt,  p.  115. 
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tion  of  the  persistence  of  the  froth  in  albumen  solution  and  the  like.  The 
properties  of  such  surfaces  apparently  pass  over  imperceptibly  into  those 
of  colloids. 

Adsorption  at  the  boundary  between  two  liquids  is  evidenced  by  the 
effect  on  the  interfacial  tension  just  as  in  the  gas-liquid  solution  surfftce, 
although  the  process  is  not  one  usually  described  as  ordinary  solution  aud 
one  may  also  have  to  reckon  with  chemical  rea'ctions  in  the  transition 
layer.     With  liquid-liquid  surfaces,  as  in  gas-liquid  surfaces,  the  adeorp- 
tion  frequently  gives  rise  to  very  viscous  layers.    The  presence  of  such  a 
viBCOUB  layer  at  an  oil-water  interface  is  easily  shown  by  pouring  ary 
clear  oil,  kerosene,  hquid  vaseline,  etc.,  onto  water  and  then  bubbling  > 
gas  through  the  water.     Such  an  experi- 
ment is  shown  iH  Fig.  6.     The  inter- 
face has  all  the  appearance  of  an  elastic 
skin.    Bubbles  rising  through  the  water 
and  striking  the  under  side  of  the  inter- 
face stretch  the  film  (see  H,  Fig.  7),  and 
rising  farther  drag  away  a  mass  of  water 
surrounded  by  this  viscous  layer.    The 
system  now  appears  as  shown  at  M  and 
rises  to  the  oil-air  surface  on  account  of 
its  lower  specific  gravity.     Here  the  film, 
together  with  the  excess  water  carried 
FiQ,  7,  up  as  shown  at  C,  breaks  away  and  falls 

back  through  the  oil,  not  in  spherical 
form,  as  would  be  the  case  were  the  water  drop  not  surrounded  by  a 
viscous  film,  but  in  hemispherical  form  (see  P,  Figs.  6  and  7)  often  trail- 
ing behind  it  a  film  with  ragged  edges,  as  it  broke  from  the  bubble. 
The  tadpole-shaped  water  drops,  T,  (Figs.  6  and  7)  are  further  evidence 
of  the  high  viscosity  of  the  oil-water  interfacial  film. 

Viscosily 

A  marked  increase  in  the  viscosity  of  interfacial  films  is  produced  by 
the  presence  of  finely  divided  solid  matter.  This  Increase  is  apparent 
in  the  experiment  just  described  when  finely  powdered  sulphide  is  thrown 
into  the  oil  and  allowed  to  settle  to  the  interface,  where  it  becomes  en- 
tangled in  -the  film.  When  gas  bubbles  are  introduced,  as  before,  the 
return  water  drops,  coated  with  a  film  containing  the  solid  particles,  are 
much  more  irregular  in  shape  than  previously,  and  their  coalescence  after 
reaching  the  interface  requires  days  or  weeks.  An  even  more  convincing 
proof  of  the  increase  in  viscosity  of  an  interfacial  film  is  given  by  the 
following  experiment.  If  a  needle  is  floated  at  the  center  of  a  surface 
of  pure  water  in  a  beaker  4  in.  in  diameter  and  a  chip  of  wood  is  floated 
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near  the  wall  of  the  beaker,  the  needle  may  be  caused  to  revolve  by  means 
of  a  magnet  without  disturbing  the  chip.  If  the  surface  of  the  water  is 
dusted  over  with  fine  ore,  the  whole  surface  together  with  the  chip  moves 
as  though  it  were  a  rigid  solid. 

Summary 

The  potential  energy  at  a  gas-sulphide  contact  is  less  than  at  a  gas- 
gangue  contact;  hence  gas  bubbles  will  cUng  with  greater  persistence  to 
sulphides  than  to  gangues. 

Oil  replaces  water  at  the  surface  of  sulphide  minerals. 

Water  replaces  oil  at  the  surface  of  gangue  minerals. 

Water  replaces  gas  more  readily  at  an  oiled  surface  of  a  solid  than  at  a 
clean  surface. 

The  addition  of  any  contaminant  to  water  lowers  the  surface  tension. 

In  any  body  of  contaminated  water  there  will  be  a  concentration  of 
the  contaminant  at  the  air-liquid  surface. 

Adsorption  at  a  gas-liquid  surface  lowers  the  surface  tension  and 
increases  the  viscosity. 

Adsorption  at  a  liquid-Uquid  surface  produces  a  film  whose  viscosity 
is  higher  than  that  of  the  bulk  of  either  liquid. 

The  presence  of  finely  divided  solid  matter  in  a  film  markedly  increases 
the  viscosity  of  the  film. 

Application  to  Commercial  Flotation  Processes 

Film  Flotation 

Pulp  with  or  without  oil  or  acid  is  fed  gently,  at  an  acute  angle,  onto 
the  surface  of  a  body  of  still  water.  The  sulphide  floats  and  the  gangue 
sinks. 

Possible  cases: 

Case  1. — Sulphide,  gangue,  water. 

Case  2. — Sulphide,  gangue,  water,  oil. 

Case  3. — Sulphide,  gangue,  water,  acid. 

Case  4. — Sulphide,  gangue,  water,  acid  and  oil. 

Cage  1.  Stdphidej  Gangue j  Water, — The  governing  factor  in  the  initial 
flotation  of  the  sulphide  and  immersion  of  the  gangue  is  the  difiference  in 
the  air-water  contact  angle  with  the  sulphide  and  gangue  surfaces  re- 
spfectively.  If  the  difference  is  great,  as  in  the  case  with  galena  and 
quartz,  good  separation  is  obtained.  After  a  considerable  amount  of  sul- 
phide has  been  floated,  if  the  surface  flow  is  sufficiently  impeded,  the  par- 
ticles congregate  into  clumps  by  the  well-known  phenomenon  of  apparent 
attraction  of  floating  particles,*  a  scum  is  formed  (whose  viscosity  and 

*  Hastings  and  Beach:  Oenercd  Physics,  p.  156. 
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resistance  to  rupture  are  many  times  greater  than  that  of  the  original 
water  surface)  and  the  floated  particles  are  rendered  more  immune  to 
immersion. 

C(ise  2.  Svlphide,  Gangue,  Water  and  Oil, — When  oil  is  added  in  this 
process  the  phenomena  are  entirely  different  from  the  simple  film  flotation 
of  Case  1.  The  oil  concentrates  at  the  surface  since  such  concentration 
reduces  the  surface  energy  of  the  system.  This  adsorption  of  the  ofl  at 
the  gas-water  siu-faces  causes  the  formation  of  a  viscous  film.  Wh^'^  *^ 
mixture  of  sulphide  and  gangue  is  introduced  at  the  surface,  the  sulphide 
particles  tend  to  migrate  into  this  layer  and  the  gangue  particles  migrate 
into  the  water,  for  a  sulphide  particle  in  contact  with  oil  represents  the 
condition  of  least  potential  energy  which  is  possible  for  the  sulphide  par- 
ticle to  assume  in  the  system  of  oil,  sulphide,  and  water.  Likewise  the 
gangue  particle  surrounded  wholly  by  water  represents  the  condition  of 
least  potential  energy  for  the  gangue  particle  to  assume  in  this  system. 
In  this  case  also,  the  formation  of  a  scum  of  floated  sulphide  increases 
the  stability  of  the  float. 

Case  3.  Sulphide,  Gangue,  Water  and  Add, — The  effects  of  acid  are: 
(a)  to  diminish  the  surface  tension  of  the  Uquid,  (6)  to  diminish  the  gas- 
liquid  contact  angle,  and  (c)  to  increase  the  viscosity  of  the  gas-liquid 
surface.  The  diminutions  of  (a)  and  (6)  are  more  marked  with  gangue 
minerals  than  with  sulphides.  The  result  is  that  cleaner  concentrate  may 
be  expected  than  in  either  of  the  previous  cases,  but  at  the  expense  of 
richer  taiUng. 

Case  4. — Sulphide,  Gangue,  Water,  Oil  and  Add, — In  this  case  a  com- 
bination of  results  such  as  can  be  predicted  from  the  preceding  cases  is 
obtained. 

Froth  Flotation  ' 

In  order  to  explain  froth  flotation  it  is  necessary  and  sufficient  that 
the  gas  of  each  bubble  shall  be  inclosed  by  a  film  of  contaminated  water 
which  shall  possess  the  following  characteristics: 

1.  Low  surface  tension. 

2.  High  viscosity. 

3.  A  variable  concentration  of  the  contaminant  (reagent). 

4.  A  preferential  adhesion  of  the  bubble  film  to  the  sulphide  mineral 
compared  to  that  for  the  gangue  minerals. 

We  will  examine  first  the  conditions  required  for  the  formation  of  a 
froth,  or  the  continued  existence  of  a  thin  film.  Solutions  which  form 
froth  are  preeminently  aqueous  solutions  and  the  properties  of  the  liquid 
film  are  only  secondarily  determined  by  those  of  the  gas. 

The  durabiUty  of  a  liquid  film  depends  upon  one  or  more  of  the  follow- 
ing conditions: 

1,  A  low  surface  tension  which  is  locally  variable  so  as  to  produce 
stable  equiUbrium. 
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2.  High  viscosity,  which  may  pass  over  into 

3.  Chemical  irreversibiUty  and  the  production  of  solid  skins. 

Pure  liquids  do  not  foam;  for  example,  water  or  alcohol.  The  reason 
is  obvious.  As  the  film  is  thinned  out  by  stretching  or  by  draining  away 
of  the  liquid,  the  surface  tension  is  reduced  at  some  part  below  the  general 
constant  value.  As  soon  as  this  begins  the  thicker  and  more  powerful 
parts  of  the  film  drag  away  from  the  weakened  parts  which  at  once  com- 
pletes the  rupture.  These  inequaUties  evidently  would  not  be  so  marked 
or  rapid  in  their  operation  if  the  surface  tension  were  low.  Increase  of 
viscosity  would  also  slow  up  the  process.  High  viscosity  and  low  surface 
tension  do  not  occur  in  pure  liquids.  But  the  most  important  condition 
for  durability  is  some  means  by  which  the  equilibrium  of  the  forces  at 
any  point  in  a  film  may  be  restored,  when  a  variation  of  some  of  the  forces 
occurs.  In  the  case  of  a  compound  liquid  or  solution  this  is  effected  by 
the  adsorption  or  change  of  concentration  of  one  or  more  of  the  compon- 
ents in  the  film. 

The  surface  tension  of  a  solution  is  in  general  notably  different  from 
that  of  the  pure  solvent,  and  in  case  of  water,  whose  surface  tension  is  the 
greatest  of  any  liquid  with  which  we  are  concerned,  even  a  minute  trace 
of  impurity  is  sufficient  to  lessen  its  surface  tension  considerably. 

Consider  a  film  of  water  stretched  on  a  vertical  ring  of  wire.  K  the 
surface  tension  remained  constant,  as  it  does  in  the  pure  liquid  when  the 
thickness  exceeds  0.000001  cm.,  the  weight  of  the  lower  part  would 
stretch  down  the  upper  part  until  it  broke.  If  the  water  contains  some 
component  whose  depletion  at  the  weaker  points  increases  the  surface 
tension,  equiUbrium  will  be  preserved.  In  the  stretching  of  a  film,  and 
in  the  general  running  away  of  the  liquid  between  the  surfaces  of  the  film, 
which  reduces  the  total  available  amount  of  the  contaminant,  such  de- 
crease of  the  concentration  and  increase  of  surface  tension  does  occur, 
and  the  film  remains  stable  under  a  considerable  variation  of  external 
conditions.  The  formation  of  bubbles  as  a  result  of  this  variation  of 
surface  tension  alone  is  well  exemplified  by  a  simple  aqueous  solution  of 
soap  or  of  acetic  acid.  The  nmning  out  of  the  liquid  between  the  two 
surfaces  is  greatly  retarded  by  the  viscosity  of  the  Uquid,  a  property  which 
may  be  largely  influenced  by  the  surface  adsorption  of  one  or  more  of  the 
components. 

When,  then,  gas  bubbles  are  introduced  into  a  Uquid  pulp  where  oil  is 
present  there  is  formed  about  each  bubble  a  liquid  film  whose  surface 
tension  is  less  and  whose  viscosity  is  greater  than  that  of  the  bulk  of  the 
liquid.  Some  of  the  solid  particles  of  the  pulp  move  into  the  film  and 
are  raised  to  the  surface  with  the  bubble.  Since  there  is  a  concentration 
of  oil  in  the  film,  and  since  the  diminution  in  potential  energy  at  an  oil- 
sulphide  contact  is  greater  than  at  a  water-sulphide  contact,  the  con- 
teminated  layer  replaces  the  water  on  the  sulphide  surface  and  the 

13 
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sulphide  moves  into  the  bubble  film,  while  the  gangue,  on  which  water 
displaces  oil,  remains  in  greater  measure  in  the  body  of  the  pulp.  The 
bubbles,  therefore,  as  they  arrive  at  the  surface,  carry  an  excess  of  the 
sulphide  minerals.  Upon  their  arrival  at  the  surface,  the  bubbles  of  the 
contaminated  Uquid  persist,  owing:  (1)  to  their  lower  surface  tension;  (2) 
to  their  abiUty  to  adjust  this  tension  to  a  state  of  stable  equiUbrium; 
and  (3)  to  their  greater  viscosity  which  is  markedly  increased  by  the 
presence  of  the  soUd  particles. 

Mechanical' AgitcUion  Froth  Process 

Sulphide  and  gangue  minerals  are  beaten  up  with  water  and  oil,  with 
•or  without  acid,  then  allowed  to  flow  into  a  box  containing  a  considerable 
body  of  liquid  nearly  at  rest.  Bubbles  coated  with  a  preponderance  of 
sulphide  particles  float  to  the  surface  and  form  a  heavy,  persistent  froth. 
The  gangue  particles  sink. 

Two  cases  arise: 

Case  1. — Sulphide,  gangue,  water  and  oil. 

Case  2. — Sulphide,  gangue,  water,  oil  and  acid. 

Case  1.  Sulphide,  Gangue,  Water  and  Oil, — When  this  pulp  is  beaten, 
air  is  mechanically  entrapped  in  the  form  of  bubbles.  At  the  surface  of 
every  bubble  in  the  mass  there  is  a  gas-contaminated-Uquid  contact  which 
results  in  the  adsorption  at  this  surface  of  the  contaminant,  oil,  and  the 
production  of  a  viscous  film  into  which  the  sulphide  particles,  circulating 
in  the  mass,  pass  with  a  diminution  in  the  potential  energy  of  the  system. 
The  result  is  that  in  a  very  short  time  after  the  air  bubble  is  entangled 
in  the  pulp,  it  is  surrounded  by  a  viscous  sheath  composed  of  an  oil-water 
interf  acial  film  in  which  are  entangled  a  large  number  of  sulphide  particles. 
The  presence  of  the  solid  particles  greatly  increases  the  viscosity  of  the 
bubble  sheath.  When  the  soUd-coated  bubble  arrives  in  the  settling  box  or 
spitzkasten  it  rises  to  the  surface.  Here  the  bubble  persists,  or,  bursting, 
transfers  its  load  to  other  bubbles.  This  bubble  persistence  is  due  to  a 
combination  of  several  factors.  The  oils  used  have,  in  general,  a  slower 
evaporation  rate  than  water.  The  tension  of  the  bubble  film  is  lower  than 
the  tension  of  a  pure  water  bubble.  The  bubble  has  the  power  of  adjust- 
ing itself  to  its  tension,  within  limits,  without  bursting.  The  presence  of 
the  large  amount  of  soUd  matter  enormously  increases  the  viscosity  of  the 
film. 

CorSe  2.     SuLphide,  Gangue,  Water,  Oil  and  Acid — The  addition  of 
acid  has  the  twofold  effect  of  further  lowering  the  surface  tension  and 

increasing  the  adhesion  ratio  —  ^^    ~Ya'    ^^^  result  is,  in  general, 

cleaner  concentrate  with  or  without  an  increase  in  the  sulphide  content 
of  the  tailing. 
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Heating  the  pulp  has,  in  some  cases,  a  beneficial  effect.  Where  this 
is  true  it  is  probably  due  to  (o)  decreased  surface  tension  and  consequent 
increased  stability  of  the  froth ;  (b)  increased  number  of  air  bubbles  formed 
by  the  air  released  from  solution;  (c)  in  the  case  of  viscous  oils,  the  greater 
area  over  which  oil  is  spread  and  consequently  the  greater  number  of 
bubbles  with  a  viscous  oil-water  interfacial  film;  (d)  probable  increase  in 
solubility  of  the  oil  and  consequent  greater  diffusion,  resulting  in  more 
widespread  adsorption  in  bubble  films. 

Pneumatic  Froth  Process 

Sulphide  and  gangue  minerals  mixed  with  water  and  oil,  with  or  with- 
out acid,  are  run  into  a  tank  with  a  porous  bottom  through  which  air  is 
forced.  The  air  bubbles  rise  to  the  surface  with  a  coating  of  soUd  parti- 
cles, preponderantly  sulphide,  while  the  gangue  particles  sink. 

The  principles  involved  in  this  method  are  the  same  as  explained  in 
the  agitation-froth  process.  The  only  difference  is  in  the  method  of 
introducing  air.  The  result  of  this  difference  is  that  the  bubbles  in  the 
pulp  are  much  larger  than  in  the  agitation  froth  method;  they  arrive  at 
the  surface  less  heavily  loaded  in  proportion  to  their  area;  the  bubble  films 
are,  therefore,  less  viscous,  and  the  froth  less  persistent. 

Potter-DelprcUr  Process 

Sulphides  and  carbonates,  with  or  without  other  gangue  minerals,  are 
treated  with  hot,  dilute  sulphuric  acid.  Bubbles  of  carbon  dioxide  and 
hydrogen  sulphide  are  formed  which  rise  to  the  surface  with  a  sulphide 
coating  and  there  form  a  froth.  That  part  of  the  gangue  not  dissolved 
remains  immersed.  In  this  method  as  in  the  other  froth  methods,  gas 
bubbles  are  formed  which  are  surrounded  by  fiJims  of  contaminated  water, 
the  contaminants  in  this  case  being  sulphuric  acid,  lead  sulphate,  calcium 
sulphate  and  other  salts  formed  by  the  action  of  the  sulphuric  acid.  The 
films  have  a  higher  viscosity  and  a  lower  surface  tension  than  is  possessed 
by  the  bulk  of  the  liquid.  The  sulphides  move  into  the  bubble  films  be- 
cause the  system  composed  of  sulphide  and  this  contaminated  layer  has 
a  lower  potential  energy  than  the  system  composed  of  the  pulp  in  the  bulk 
of  the  Uquid.  The  writers  at  first  suspected  that  the  selective  action  in 
this  case  might  be  due  to  preferential  gas  adsorption  at  the  gas-sulphide 
contact,  as  opposed  to  a  gas-gangue  contact,  but  microscopic  examination 
of  mineral  froths  collected  from  the  process  showed  that  the  solid 
particles  in  the  froth  were  completely  within  the  films  and  at  no  point 
in  contact  with  gas.  The  persistence  of  the  froth  is  due  to  the  factors 
explained  in  connection  with  the  other  froth  processes. 

While  the  writers  have  made  no  appeal  to  electrostatic  forces  or  to 
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colloidal  phenomena  in  this  discussion,  they  realize  that  the  potential 
energy  existing  at  the  contact  of  dissimilar  substances  may  well  include 
electrical  forces  and  that  migration  of  the  suspended  solid  particles  under 
the  influence  of  electrical  charges,  similar  to  the  migration  of  colloids, 
may  account  for  some  of  the  selective  action  of  the  bubble  films.  But  the 
agitation  of  the  pulp  in  the  mechanical-  and  pneumatic-froth  processes 
and  the  generation  of  carbon  dioxide  gas  on  carbonate  particles  in  intimate 
contact  with  sulphides  in  the  acid-froth  process,  are  sufficient,  in  their 
opinion,  to  bring  every  sulphide  particle  into  contact  with  a  bubble  film. 
Once  in  contact,  the  preferential  adhesion  of  the  contaminated  layer  t^ 
a  sulphide  surface  in  the  presence  of  water  is  sufficient  to  account  for  the 
persistent  attachment  of  the  sulphides  to  the  bubble  films,  while  on  the 
other  hand,  the  replacement  of  gas  or  oil  by  water  on  the  surface  of  gangue 
particles  explains  the  wetting  and  continued  immersion  of  the  latter. 

The  writers  have  a  considerable  bulk  of  experimental  data  on  which 
many  of  the  statements  in  the  foregoing  explanation  are  based.  These, 
together  with  the  data  from  other  experiments  which  are  projected,  and 
photographs  of  many  of  the  phenomena  mentioned,  they  hope  to  present 
in  a  later  paper. 
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The  testing  of  flotation  oils  has  occupied  a  large  part  of  the  time  of 
the  testing  departments  of  various  companies  using  the  flotation  process 
in  the  beneficiation  of  their  ores.  The  great  differences  in  ores  and  in  oils 
has  made  such  work  necessary  as  it  has  not  been  possible  to  select  the  oil 
best  suited  for  the  purpose  without  trial  of  many  kinds.  In  fact,  indi- 
vidual shipments  of  flotation  oils  from  the  same  manufacturer  will  often 
differ  so  radically  that  the  mill  men  have  been  forced  to  test  every  lot  of 
flotation  oil  before  its  use  in  the  mills. 

Further,  although  almost  every  imaginable  product  of  the  distillation 
of  wood,  from  alcohol  to  pitch,  has  been  tested  in  a  more  or  less  perfunc- 
tory manner  by  various  people,  few  companies  have  allowed  the  results 
of  their  tests  to  be  made  public. 

This  work  was  undertaken  for  the  purpose  of  obtaining  reliable  data 
regarding  the  value  as  flotation  agents  of  a  number  of  products  that  are 
obtained  from  the  distillation  of  wood  by  different  methods,  and  inci- 
dentally to  determine  whether  some  of  the  products  not  used  at  present 
could  be  used.  Large  quantities  of  such  materials  are  being  wasted  or 
burned  in  the  wood-distillation  plants  of  the  United  States,  and  if  some 
use  other  than  fuel  could  be  found  for  these  materials,  such  a  use  would 
represent  a  distinct  saving  to  the  country  as  a  whole,  would  increase  the 
profit  of  wood-distilling  plants  now  operating  and  perhaps  make  it  possible 
for  others  to  operate  which  at  present  cannot  do  so  except  at  a  loss.  At 
the  same  time  it  was  thought  that  if  such  products  can  be  used  as  flotation 
agents,  then  their  use  would  serve  to  increase  the  number  of  oils  and  other 
products  available  for  flotation  purposes.  It  was  also  hoped  that  it 
might  be  possible  to  discover  a  substitute  for  some  of  the  most  effective 
but  comparatively  high-priced  oils  which  are  now  used  for  flotation 
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purposes.    Hence   these   fractions   occupy   the  major  portion  of  the 
following  list. 

In  taking  up  this  work,  the  Forest  Products  Laboratory  of  the  Depart- 
ment of  Agriculture,  which  is  interested  in  finding  uses  for  byproducts 
from  wood  distillation,  was  represented  by  R.  C.  Palmer.  The  Bureau, 
which  is  interested  in  finding  suppUes  of  suitable  flotation  oils,  was  repre- 
sented by  O.  C.  Ralston,  and  the  Department  of  Metallurgical  Research 
of  the  University  of  Utah,  which  is  doing  cooperative  work  with  the 
Bureau  of  Mines,  was  represented  by  G.  L.  Allen. 

Three  ores  were  chosen  for  tests  of  the  series  of  oil  samples  herein 
described. 

Ore  A  was  from  the  mine  of  the  Arthur  Zinc  Mining  Co.  near  Ruby 
Valley,  Nev.  It  was  chosen  on  account  of  its  simpUcity.  It  consisted 
mainly  of  galena,  sphalerite  and  quartz  minerals,  which  were  crystallized 
in  such  a  way  that  they  could  be  broken  away  from  each  other  by  crushing 
to  the  size  necessary  for  flotation.  Ground  quartz  was  mixed  with  it  to 
make  it  sufiiciently  low-grade.  Any  marked  tendency  of  one  mineral  to 
float  in  preference  to  another  could  be  observed  with  such  a  "free"  ore. 
Consequently,  the  value  of  the  oil  for  differential  flotation  of  mixtures  of 
galena  and  sphalerite  could  be  observed;  also  the  conditions  which  aUowed 
the  best  extraction  or  the  cleanest  concentrate  of  any  of  these  minerals 
with  any  given  oil. 

Ore  B  was  the  heavier  sulphide  ore  from  Cripple  Creek,  Colo.  This 
siliceous  ore  contains  some  pyrite,  some  gold  and  silver  as  the  tellurides, 
sylvanite  and  calaverite,  and  other  telliu-ium  minerals.  The  tests  on 
this  ore  would  allow  observations  on  the  flotation  of  pyrite  as  well  as  of 
the  famous  Cripple  Creek  gold  telluride  minerals.  Wherever  the  pyrite 
contains  gold  it  would  be  desirable  to  float  it,  while  barren  pyrite  ought 
to  be  kept  with  the  gangue.  Hence  the  tests  should  be  carried  on  with 
an  ore  containing  both  types  of  minerals,  as  was  done  in  this  case.  This 
sample  was  furnished  by  the  Golden  Cycle  Mining  &  MilUng  Co. 

The  ore  C  was  the  Utah  Copper  Co.'s  milling  ore  from  the  mine  at 
Bingham.  A  great  many  copper  minerals  are  present  in  this  ore- 
chalcopyrite,  cupriferous  pyrite,  etc.  The  gangue  is  siliceous,  and  the 
ore  is  well  known.  It  is  a  hard  ore  to  treat  by  flotation  and  nearly  any 
oil  that  will  treat  it  is  almost  sure  of  success  with  most  other  copper  ores. 
One  peculiarity  of  the  Utah  Copper  ore  is  that  it  is  much  easier  to  float 
in  an  alkaline  solution. 

Each  of  the  ores  was  tested  with  three  different  tests — ^an  acid  test, 
an  alkaline  test,  and  a  test  run  in  neutral  water.  The  water  used  in  all 
the  flotation  tests  was  the  Salt  Lake  City  water.  It  contains  a  small 
amount  of  lime  so  that  the  water  used  in  the  "neutral"  test  was  in  fact 
slightly  alkaline.  This  method  of  testing  was  adopted  for  the  reason 
that  it  is  known  that  some  oils  will  refuse  to  work  at  all  in  neutral  solution 
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although  they  do  good  work  in  acid  solution.  Others  are  more  successful 
in  alkaline  solutions.  The  most  advantageous  amounts  of  acid  or  of 
sodium  carbonate  were  not  determined.  The  procedure  followed,  in 
order  to  facilitate  work,  was  to  add  the  reagent  drop  by  drop  to  the  charge 
in  the  flotation  machine  until  it  could  be  seen  that  it  was  causing  some 
difference  in  the  appearance  of  the  froth  or  of  the  gangue.  Further 
additions  of  the  reagent  were  often  made  after  most  of  the  froth  resulting 
had  been  skimmed  off,  and  it  frequently  happened  that  a  further  amount 
of  excellent  froth  would  result. 

Although  such  a  method  of  obtaining  the  best  conditions  is  not  satis- 
fying to  certain  types  of  mind,  and  is  very  aptly  characterized  as  the 
"American"  type  of  research,  it  is  practically  necessary  to  follow  such  a 
method  in  order  to  get  anywhere  with  such  testing.  So  many  other  vari- 
ables are  involved  that  to  painstakingly  follow  out  each  one  for  only 
one  oil,  while  the  others  are  kept  constant,  is  an  immense  undertaking. 
A  flotation  testing  man  must  be  an  opportunist  and  seize  on  the  best 
conditions  for  flotation  as  he  is  able  to  see  them  in  his  machine  when 
varying  the  conditions,  such  as  amount  of  agitation,  depth  of  pulp  in 
machine,  amount  of  oil,  amount  of  acid  or  alkali,  temperature,  etc. 

The  Janney  test  machine  described  in  the  Mining  and  Scientific  Press 
for  Jan.  1,  1916,  was  used  in  all  this  work.  Our  reason  for  using  this 
machine  is  that  it  permits  of  quick  work  and  is  so  designed  that  practically 
every  particle  of  flotation  concentrate  and  tailing  can  be  recovered  and 
weighed,  while  many  other  machines  have  inaccessible  corners  where  some 
of  the  material  escapes. 

The  extractions  were  calculated  by  the  following  well-known  formula 
which  does  not  require  weights  of  the  products  involved. 

„  ,      ^.  100  (h  -  t)c 

Extraction  =  — irr— ,n  - 

h{c  —  t) 

where  the  analyses  of  the  head,  or  original  ore,  tailing,  and  concentrate 
are  represented  by  the  letters  in  the  equation.  This  formula  assumed 
that  any  middling  produced  can  be  separated  into  concentrate  and  tailing. 

Each  test  was  "roughed"  and  "cleaned."  The  rough  tail  was  final 
but  the  concentrate  was  poured  back  into  the  machine  with  more  water 
and  a  clean  concentrate  and  middling  produced. 

The  oils  tested  in  these  experiments  were  furnished  by  the  Forest 
Products  Laboratory,^  Madison,  Wis.  Most  of  them  were  either  com- 
mercial samples  or  were  produced  in  the  laboratory  in  semi-commercial 
apparatus  under  conditions  entirely  comparable  with  plant  practice. 

The  following  is  a  somewhat  detailed  description  of  the  different  oils. 

No.  23  was  an  authentic  conmiercial  pine  oil,  specific  gravity  0.9385 

*  Maintained  by  the  Forest  Service,  U.  S.  Department  of  Agriculture  in  coopera- 
tion with  the  University  of  Wisconsin. 
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at  21®  C,  with  a  sulphonation  residue  of  0.8  per  cent.  The  oil  wad  prO* 
duced  by  the  steam  distillation  of  fat  southern  pine  wood,  the  crude  oil 
being  redistilled  to  separate  the  turpentine  (boiling  point  155  to  170**  C), 
from  the  pine  oil  (boiling  point  190  to  220°  C).  As  there  is  some  confu- 
sion in  the  mining  industry  in  regard  to  the  name  "pine  oil/'  many  other 
oils  produced  from  dead  pine  wood  also  being  known  as  "pine  oil,"  it 
may  be  well  to  describe  the  oil  to  which  the  name  is  correctly  applied. 
There  is  a  resin  in  the  sapwood  of  the  living  pine,  which  flows  out  when 
the  tree  is  wounded.  This  resin  is  the  source  of  the  ordinary  turpentine 
and  rosin  of  commerce.  When  the  sapwood  turns  to  heartwood,  the  resin 
becomes  hard  and  during  the  ageing  process  another  oil  is  formed  which 
did  not  exist  in  the  sapwood.  This  oil  is  heavier  than  turpentine,  has 
an  entirely  different  composition,  and  a  much  higher  boiling  point,  and 
it  is  this  oil  that  is  correctly  termed  "pine  oil.'*  This  oil  can  be  removed 
from  the  dead  pine  wood  either  by  the  action  of  steam  or  dry  heat.  Dry 
heat  carefully  controlled  so  as  not  to  exceed  the  maximum  boiling  point 
of  the  oil  will  remove  it  in  practically  as  pure  condition  as  when  the  wood 
is  treated  with  saturated  steam.  Pine  oil  is  produced  either  as  a  yellow 
or  water-white  oil,  the  former  being  produced  in  the  first  separation  of  the 
crude  turpentine-pine-oil  mixture,  and  the  latter  by  redistillation  of  the 
yellow  oil.  If  the  wood  is  heated  at  a  much  higher  temperature,  as  it  is 
when  the  temperature  is  not  controlled  during  the  early  stages  of  the 
destructive  distillation  process,  the  natural  oils  (turpentine  and  pine  oil) 
in  the  dead  wood  are  contaminated  by  tar  and  tar  oils  produced  by  the 
decomposition  of  rosin  and  wood.  It  is  practically  impossible  commer- 
cially to  separate  a  pure  pine  oil  from  this  mixture. 

Chemically,  pine  oil  has  been  found  to  be  composed  chiefly  of  a  terpene 
called  terpeneol,  although  other  terpenes  such  as  borneol,  fenchyl  alcohol, 
and  cineol,  are  also  present.  Since  the  detection  of  mineral  oils  as  adul- 
terants in  pine  oil  is  of  special  interest  it  may  be  well  to  point  out  that 
the  sulphonation  test  may  be  successfully  used  for  the  detection  of  mineral 
oil.  A  pure  pine  oil  should  give  a  sulphonation  residue  of  less  than  1  per 
cent.  Special  care  must  be  taken,  however,  in  carrying  out  the  test,  and 
it  is  suggested  that  the  test  be  made  as  follows: 

Take  25  c.c.  of  37  normal  sulphuric  acid  in  a  Babcock  bottle  and  add 
5  c.c.  of  the  oil  to  be  tested,  1  c.c.  at  a  time,  shaking  vigorously  after  each 
addition.  When  the  oil  is  all  added,  place  the  bottle  in  a  water  bath  and 
heat  at  100**  for  1  hr.,  shaking  cautiously  from  time  to  time  to  insure  a 
perfect  mixture  of  the  oil  and  acid.  Cool  and  fill  the  bottle  with  ordinary 
sulphuric  acid  and  either  allow  it  to  stand  for  24  hr.  or  centrifuge  it  in 
order  to  read  the  residue.  It  is  absolutely  essential  to  have  the  strength 
of  the  acid  exactly  37  normal;  the  cooking  of  the  mixture  for  1  hr.  iB 
equally  important  for  securing  low  residue  with  pure  pine  oil.  The  index 
of  refraction  of  the  residue  is  also  of  value.    With  pure  pine  oil  the  residue 
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should  have  an  index  of  over  1.5,  while  a  mineral  oil  will  have  a  residue 
with  an  index  of  less  than  1.48. 

A  pine  oil  was  included  in  these  tests  for  the  purpose  of  comparing  an 
oil  of  known  flotation  value  with  the  other  oils.  The  sample  had  been 
shaken  repeatedly  with  hot  water  in  order  to  remove  any  water-soluble 
constituents  (probably  the  fenchyl  alcohol),  to  determine  whether  the 
removal  of  water-soluble  material  had  any  noticeable  eflFect  on  the  value 
of  the  oil  for  flotation.  About  5  per  cent,  was  found  to  be  soluble  in 
water. 

No.  11  was  a  commercial  wood  oil  produced  in  the  destructive  dis- 
tillation of  hardwood,  the  particular  species  in  this  case  being  maple  and 
birch.  The  specific  gravity  of  the  oil  was  0.934  at  21°  C.  The  chemical 
composition  of  this  oil  is  unknown,  although  it  probably  contains  a  num- 
ber of  complex  ketones.  In  the  destructive  distillation  of  hardwood  a 
heavy  tar  settles  out  of  the  crude  pyroligneous  acid,  the  watery  distillate 
containing  the  wood  alcohol  and  acetic  acid,  and  this  tar  has  included  in 
it  some  of  the  p3rroligneous  acid.  To  remove  this  acid  the  tar  is  usually 
placed  in  a  wooden  still  and  either  washed  by  blowing  in  exhaust  steam 
or  is  simply  heated  with  steam  in  closed  coUs.  In  either  case  a  watery 
product  distills  over  and  with  it  is  carried  this  Ught  tar  oil  or  "wood  oil," 
as  it  is  called  in  the  plant.  This  oil. is  practically  a  waste  product  and 
is  burned  for  fuel  in  most  plants.  It  is  an  excellent  solvent,  however, 
and  a  small  amount  is  sold  for  that  purpose.  A  cord  of  hardwood  gives 
on  an  average  about  2  gal.  of  this  oil  and  the  production  in  all  the  hard- 
wood distillatioi^  plants  is  probably  close  to  2,500,000  gal.  annually.  It 
could  probably  be  bought  for  $0.10  to  $0.15  per  gallon  f.o.b.  plant,  as  this 
is  the  price  usually  paid  for  it  in  the  crude  condition  for  a  solvent. 

No.  18  was  a  crude  hardwood  tar  just  as  it  settled  out  of  the  pyro- 
ligneous acid,  as  described  above.  This  tar  was  produced  in  a  semi-com- 
mercial laboratory  distillation  plant  by  the  distillation  of  equal  propor- 
tions of  beech,  birch  and  maple.  It  still  contained  the  pyroligneous  acid 
and  wood  oil.  On  distillation  the  sample  gave  12  per  cent.  p3rroligneous 
acid,  8  per  cent,  wood  oil,  42  per  cent,  wood  creosote  oil,  and  38  per  cent, 
wood  pitch.  The  specific  gravity  of  the  combined  wood  oil  and  wood 
creosote  was  1.067  at  21°  C.  When  the  distillation  of  the  crude  tar  is 
continued  with  direct  heat  after  distilUng  off  the  watery  distillate  and 
light  oil  (wood  oil)  the  oil  obtained  is  similar  to  the  hardwood  creosote 
now  on  the  market  for  flotation.  The  object  in  testing  a  crude  hardwood 
tar  of  this  kind  was  primarily  to  determine  to  what  extent  the  pitch  pres- 
ent in  the  tar  acted  as  a  deleterious  adulterant.  Excluding  the  wood  oil, 
about  15  gal.  of  this  tar  is  produced  per  cord  of  hardwood,  making  avail- 
able per  year  over  20,000,000  gal.  of  this  crude  tar.  This  tar  with  the 
wood  oil  and  pyroligneous  acid  removed  is  generally  used  for  fuel  at  the 
distillation  plant,  where  it  is  worth  about  $0.03  per  gallon  for  this  purpose, 
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in  comparison  with  the  normal  prices  for  other  kinds  of  fuel.    It  could 
probably  be  bought  for  $0.05  to  $0.06  per  gallon  f .o.b.  plant. 

No.  15  was  an  entirely  dififerent  tar  product  produced  in  the  distilla- 
tion of  hardwood.  After  the  pyroligneous  acid  has  been  allowed  to  stand 
to  settle  out  the  oily  tar,  it  contains  a  tar-like  substance  dissolved  in  it 
which  has  to  be  removed  before  the  liquor  can  be  worked  up  into  alcohol 
and  acetic  acid.  Since  this  tar  is  non-volatile  it  is  removed  by  completely 
distilling  the  pyroUgneous  acid,  the  tar  being  left  as  a  residue  in  the  still. 
This  sample  was  produced  in  the  laboratory  distillation  plant  from  beech, 
birch  and  maple.  It  is  a  heavy,  non-volatile,  viscous,  tar-like  substance, 
specific  gravity  about  1.4.  Its  composition  is  unknown.  It  is  about  50 
per  cent,  soluble  in  water,  the  remainder  dissolving  in  the  pyroligneous 
acid  because  of  the  solvent  action  of  the  alcohol  and  acid  constituents. 
The  yield  of  this  '* dissolved  tar"  or  "residual  tar"  or  "acid  water  tar" 
or  "  copper  still  tar,"  which  are  the  various  names  given  to  it  in  the  plants, 
is  from  6  to  8  gal.  per  cord,  making  a  total  production  in  the  United  States 
of  about  9,000,000  gal.  per  year.  It  is  strictly  a  waste  product  at  present, 
although  worth  about  $0,025  per  gallon  as  fuel.  It  could  probably  be 
obtained  for  $0.04  to  $0.05  per  gallon  at  the  plant. 

No.  16  is  a  15  per  cent,  water  solution  of  the  water-soluble  portion  of 
No.  15,  just  described.  The  specific  gravity  of  the  solution  was  1.061 
at  21°  C.  This  sample  was  prepared  to  determine  the  value  of  the  water- 
soluble  portion  as  compared  to  the  whole  tar. 

There  have  been  many  references  in  the  literature  to  the  use  of  pyro- 
ligneous acid  for  flotation,  but  no  data  have  been  given  showing  the  actual 
value  of  this  material.  These  tests  included  several  samples  of  pyrolig- 
neous acid  to  determine  this  point. 

No.  14  was  a  semi-commercial  pyroligneous  acid  produced  by  distilling 
maple.  The  specific  gravity  of  the  sample  was  1.036  at  21°  C.  It  con- 
tained 9.7  per  cent,  dissolved  tar,  4.8  per  cent,  wood  alcohol,  11.9  per  cent, 
acetic  acid.  The  value  of  this  liquor  for  its  alcohol  and  acid  content  is 
over  $0.05  per  gallon. 

No.  12  was  a  commercial  pyroligneous  acid  from  a  plant  distilling 
birch  and  maple,  from  which  the  dissolved  tar  had  been  removed  by  dis- 
tillation. The  specific  gravity  of  the  sample  was  1.008  at  21°  C.  It  con- 
tained 3.1  per  cent,  wood  alcohol  and  6.9  per  cent,  acetic  acid,  making  it 
worth  a  little  over  $0.03  per  gallon  for  its  content  of  these  products. 

No.  10  was  commercial  crude  pjroligneous  acid  produced  in  the  de- 
structive distillation  of  southern  yellow  pine.  The  specific  gravity  of  the 
sample  was  1.034  at  21°  C.  It  contained  much  less  alcohol  and  acetic 
acid  than  the  hardwood  pyroligneous  acids,  the  composition  being  1.8 
per  cent,  alcohol,  2.85  per  cent,  acid  and  7  per  cent,  dissolved  tar.  Except 
under  abnormal  conditions  it  does  not  pay  to  refine  pine-wood  p3fTolig- 
neous  acid  in  competition  with  the  hardwood  product  and  it  is  thrown  to 
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waste.  This  particular  sample  would  not  be  worth  over  $0.0175  per 
gallon  for  the  alcohol  and  acid  in  it.  A  cord  of  pine  (4,000  lb.)  will  yield 
from  125  to  150  gal.  of  crude  pyroUgneous  acid.  It  would  certainly  not 
pay  to  buy  the  crude  acid  at  even  $0.02  per  gallon  f  .o.b.  plant  on  account 
of  the  freight  charges  on  the  large  volume  of  water  in  it.  The  concentra- 
tion of  the  crude  distillate  would  simply  give  a  thick  tar  containing  a 
small  amoimt  of  the  acid  and  none  of  the  alcohol,  but  if  the  tar  is  the  valu- 
able constituent  this  would  seem  to  be  the  only  feasible  method  of  market- 
ing softwood  pyroUgneous  acid  for  flotation. 

The  Residta 

The  results  of  the  flotation  of  these  three  ores  with  the  above  set  of 
oil  samples  are  contained  in  Tables  1  to  3.  In  Table  1  the  analyses  of 
the  concentrate  and  tailing  for  each  test  are  given.  In  the  other  two 
tables  only  the  analyses  of  the  concentrate  samples  are  given.  Accom- 
panying the  analyses  of  the  concentrate  samples  in  each  case  are  the  per- 
centages of  extraction  obtained.  The  test  in  neutral,  acid  and  alkaline 
solutions  for  each  oil  is  given. 

It  can  be  seen  that  many  of  the  oils  give  fully  as  satisfactory  results 
as  pine  oil  for  practically  all  the  minerals  tested.  Oils  11,  18,  and  15  are 
the  ones  of  most  interest  on  account  of  being  immediately  available  at 
low  prices  and  because  they  can  be  used  in  small  amounts  with  success. 
For  all-round  work,  No.  18  seems  to  have  given  good  extractions  of  all 
the  metals  tested,  together  with  fair  grades  of  concentrate.  It  will  be 
remembered  that  this  is  the  crude  hardwood  tar  which  has  settled  out  of 
the  pyroUgneous  acid. 

It  is  a  pleasant  surprise  to  find  that  No.  16,  the  15  per  cent,  solution 
of  No.  15  in  water,  is  so  efficient  in  comparison  with  No.  15.  Here  is 
something  which  is  reaUy  not  an  oil  because  it  is  completely  soluble  in 
water.  It  is  satisfactory  for  all  the  minerals  except  the  copper  minerals 
of  ore  C. 

It  wiU  be  noticed  that  the  best  extractions  of  the  zinc,  and  generally 

the  highest-grade  zinc  concentrates,  were  obtained  in  solutions  that  had 

been  acidified.     Differential  flotation  of  galena  in  the  presence  of  sphaler- 

*  ite  is  seen  to  be  most  marked  in  alkaline  or  in  neutral  solutions.    No.  14, 

the  hardwood  pyroUgneous  acid,  seems  to  be  best  adapted  for  this. 

The  extractions  of  the  gold  in  the  Cripple  Creek  ore  and  the  grades  of 
concentrate  are  surprisingly  good.  Oils  18,  15  and  16  seem  to  be  capable 
of  producing  the  highest-grade  concentrates.  By  further  treatment  of 
the  tailing  it  should  be  possible  to  get  even  higher  extractions,  although 
the  grade  of  the  total  concentrate  would  be  cut  down.  No  attempts  to 
J^^  tests  in  this  manner  were  made,  as  the  object  of  the  work  was  the 
finding  of  oils  best  adapted  to  do  certain  things.     The  relatively  high 
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Table  1. — Teats  on  Ore  A  in  Neutralf  Add  and  Alkaline  Solutions  with 

Different  Oils 


Analyiifl  Head:  Lead,  3.4  Per  Cent.;  Zinc,  4.74  Per  Cent. 


Character  of  Oil 

Remark! 

■ 

Total 

Time, 

Min. 

Total 

Oil, 
Lb.  per 

Ton 

Total 

Add, 

Lb.  per 

Ton 

Total 
Alkali. 
Lb.  per 

Ton 

Lead 

Zinc 

Oil 

No. 

Per 
Cent. 

Per 

Cent. 

Extrac- 

tioa 

Per 
Cent. 

Per 

Gmt. 

Extrae- 

tion 

23 

Pine  oil 

Concentrate 
tailing. 

10 
10 

0.375 
0.376 

•  •  • 

55.9 
1.6 

53.1 

•   ■  •  • 

1 
12.4  :  62.2 

2.3 

10 

0.376 

11.14 

■  «  • 

32.3 

87.9 

37.9 

7S.2 

10 

•  •  •  ■ 

8.36 

•  •  • 

0.4 

•   •  •  ■ 

1.1 

15 

0.375 

8.0 

18.0 

89.5 

25.5 

70.1 

10 

•  •  ■  • 

2.0 

0.4 

•  •  •  • 

4.4 

11 

Hardwood  "  wood  oil  *\ . 

17 
10 

1.11 
0.18 

•  •   • 

•  •  • 

57.2 
0.3 

92.0 

•  •  •   ■ 

20.4 

58.2 

• 

2.3  i 

16 

0.94 

8.68 

•  •  • 

37.9 

88.7 

34.2 

72.6 

15 

0.17 

8.68 

•  •  • 

0.4 

■  •   •  ■ 

1.4 

15 

1.29 

4.0 

48.0 

97.2 

32.0 

64.8 

5 

•   •  •  • 

•  •  • 

0.1 

•  «  ■  • 

1.8 

18 

Crude  hardwood  *'8et- 
Ued  tar." 

17 
3 

1.35 

•   •   *   • 

■  ■  • 
•  •  ■ 

48.6 
0.1 

97.2 

•  •  •  • 

28.0 

68.4 

1.7 

19 

1.24 

3.08 

V    •    • 

37.7 

98.2 

33.4 

76.5 

0 

•   •   •   ■ 

9    •    m 

0.1 

•   •  ■  • 

1.2 

20 

1.70 

2.0 

48.7 

98.0 

27.9 

63.4 

• 

4 

•   •  ■  • 

•  ■   • 

0.1 

■   ■  •  • 

1.9 

\5 

"  Diasolved      hardwood 
Ur." 

20 

7 

1.44 

•  •   •  • 

•  •  • 

59.2 
0.7 

79.4 

«  »  •  • 

18.2 
3.5 

30.2 

15 

1.44 

6.62 

•  •  • 

32.8 

88.7 

13.0 

69.8 

10 

0.72 

3.68 

•  •  * 

0.4 

•  •   •  • 

1.9 

20 

1.44 

4.0 

06.7 

73.0 

38.1 

30.3 

8 

•  •  «   • 

•  •   * 

1.0 

•  •  •  • 

3.4 

10 

Water  solution  of  No.  15 

13 
5 

1.80 

■  •  •  • 

.... 

•  ■  ■ 

•  •  • 

55.1 
0.4 

90.2 

•  •  •  • 

22.0 
2.9 

43.7 

19 

1.80 

7.36 

■  •  • 

30.3 

92.2 

40.6 

77.2 

4 

•  •  •  • 

•  •  • 

0.3 

■  •  •  • 

1.2 

19 

1.80 

4.0 

53.7 

77.4 

23.3     44.7 

4 

■  ■   •  • 

•  •  ■ 

0.8 

•  •  •  • 

2.9 

14 

Crude  hardwood  pyro- 
ligneouB  acid. 

20 
3 

14.00 
.... 

■  •  • 

•  ■  • 

54.3 
0.5 

80.2 

•  •  •  • 

22.7 
2.0 

51.5 

15 

14.00 

5.5 

•  •  ■ 

29.5 

72.2 

41.6 

70.0 

5 

•   •  •  • 

•  •  • 

1.0 

•  •  •  • 

1.5 

17 

12.0 

4.0 

02.0 

54.8 

9.8 

42.7 

6 

•  •   «   • 

■   •   • 

1.5 

•   •   •  • 

3.4 

12 

Tar-free  hardwood  pyro- 
licneoua  acid. 

13 

20.0 

3.08 

•   •   • 

23.5 

42.7 

31.7 

41.4 

10 

Crude    eoftwood    pyro- 
ligneouB  add. 

17 
13 

10.0 
4.75 

•  •   «   ■ 

•  •   •  ■ 

•    •   • 
■   •    • 

53.8 
1.0 

73.3 

•  •  •  • 

23.9 
3.0 

41.3 

18 

12.0 

3.68 

•   •   « 

31.0 

04.7 

35.2 

57.3 

No  cleaner 

7 

4.00 

•  ■  •   • 

■   •   •   ■ 

1.3 

■   •  •  • 

2.2 

test. 

12 

16.00 

•  •   ■   • 

4.0 

49.1 

57.8 

17.9 

15.0 

R.  C.  PALMEB,  O.  L.  ALLEN  AND  O.  C.  RALSTON 
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grade  of  the  heads  in  the  tests  on  the  Cripple  Creek  ore  leaves  tailing  in  all 
these  tests  too  high  to  compare  favorably  with  roasting  and  cyaniding. 
Hence,  further  work  in  adaptation  of  these  oils  to  give  higher  extractions 
would  have  to  be  done.  This  is  a  question  of  mechanical  manipulation 
with  which  every  jQotation  exi)erimenter  is  familiar.  The  extractions  of 
the  iron  in  the  Cripple  Creek  ore  are  very  poor  with  all  the  tests.  As  the 
ore  was  ground  dry  in  a  laboratory  sample  pulverizer  this  is  not  surprising, 
for  pyrite  is  peculiarly  sensitive  to  oxidation  during  such  grinding  and 
will  not  float  well.  Not  being  an  important  mineral  in  this  case,  the 
method  of  preparation  of  the  sample  did  not  matter.  It  is  interesting  to 
note  that  No.  11  and  No.  10,  the  "wood,  oil"  and  the  softwood  crude 
pyroligneous  acid,  respectively,  were  the  two  oDs  which  gave  best  extrac- 
tions of  the  iron. 

As  was  expected,  the  Utah  Copper  ore  usually  floated  best  in  alkaline 
solutions,  oils  11,  18  and  15  doing  the  best  work. 

Further  work  is  being  done,  esi)ecially  in  the  testing  of  the  residues 
left  by  concentrating  the  softwood  pjrroligneous  acid  by  evaporation, 
and  many  other  oils  are  being  tested  in  this  manner. 

Table  2. — Tests  on  Ore  B  in  NeiUraly  Add  and  Alkaline  Solviions  vrith 

Different  Oils 

Analyaia  Head:  Gold,  0.608  Os.  per  Ton;  Iron,  5.2  Per  Cent. 


Total 

Time, 

Minutes 

Total 

ou. 

Lb.  per 
Ton 

ToUl 

Acid, 

Lb.  per 

Ton 

Total 

Alkali, 

Lb.  per 

Ton 

Gold* 

Iron* 

Oil  No. 

Os.  per 
Ton 

Per  Cent. 
Extrac- 
tion 

Per  Cent. 

Per  Cent. 
Extrac- 
tion 

23 

21 
21 
21 

0.375 
0.575 
0.375 

0.00 
3.68 
0.00 

0.0 
0.0 
1.0 

4.50 
6.42 
4.76 

81.5 
78.7 
79.7 

8.0 
9.0 
8.2 

10.2 

16.5 

9.9 

11 

24 
22 
23 

1.11 
1.11 
1.11 

0.00 
3.68 
0.00 

0.0 
0.0 
4.0 

4.72 
6.12 
5.64 

82.5 
75.8 
82.3 

8.6 
17.2 
13.4 

31.9 
41.1 
14.8 

18 

22 
21 
22 

1.8 
1.5 
1.5 

0.00 
3.68 
0.00 

0.0 
0.0 
1.0 

10.34 
11.52 
11.60 

78.2 
78.0 
81.2 

13.2 
14.3 
13.1 

17.7 

19.6 

6.2 

15 

23 
21 
21 

2.88 
2.88 
2.88 

0.00 
3.68 
0.00 

0.0 
0.0 
1.0 

5.06 

13.80 

5.80 

82.3 
74.8 
76.0 

5.7 
9.6 
7.4 

0.0 

11.8 

6.2 

16 

21 
21 
21 

2.4 
2.4 
2.4 

0.00 
3.68 
0.00 

0.0 
0.0 
1.0 

10.10 

12.60 

7.88 

81.3 
81.2 
78.7 

8.6 

■  •  •  • 

11.7 

31.5 

0.0 

27.3 

14 

21 
22 
19 

12.0 
12.0 
12.0 

0.00 
3.68 
0.00 

0.0 
0.0 
1.0 

5.42 
7.22 
7.28 

79.1 
81.7 
78.7 

9.2 
12.0 
12.1 

32.5 
40.3 
26.9 

12 

15 
20 
15 

18.0 
20.0 
24.0 

0.00 
3.68 
0.00 

0.0 
0.0 
1.0 

6.88 
6.76 
9.44 

76.0 
81.7 
77.0 

7.7 

15.0 

6.9 

32.3 
12.8 
14.0 

10 

23 
21 
24 

16.0 
16.0 
16.0 

0.00 
3.68 
0.00 

0.0 
0.0 
1.0 

5.40 
4.98 
6.10 

88.7 
79.6 
79.2 

6.1 
6.0 
6.5 

40.8 
41.2 
16.7 

*  In  concentrate  samples. 
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SOME  MISCELLANEOUS  WOOD   OILS  FOB  FLOTATION 


Table  3. — Tests  on  Ore  C  in  NeiUral,  Acid  and  Alkaline  Solviions  with 

Different  Oils 


Heads:  Copper,  1.58  Per  Cent. 


OUNo. 

Total  Time, 
Minutee 

Total  OU. 
Lb.  per  Ton 

Total  Acid, 
Lb.  per  Ton 

Total  AlkaU. 
Lb.  per  Ton 

Copper* 

Per  Cent. 

Per  Cent. 
Extraction 

23 

17 
16 
17 

0.375 
0.375 
0.375 

0.00 
7.36 
0.00 

0 
0 

4 

3.83 
8.61 
1.53 

28.7 

11 

20 
21 
21 

0.02 
1.48 
1.29    • 

0.00 
7.36 
0.00 

0 
0 
6 

15.95 
16.15 

29.3 
82.6 

18 

20 
20 
20 

1.8 
1.5 
1.2 

0.00 
7.36 
0.00 

0 
0 

4 

16.45 

2.48 

22.27 

51.2 
68.2 

15 

21 
21 
23 

1.44 
1.44 
1.44 

0.00 
7.36 
0.00 

0 
0 

4 

5.84 

2.77 

18.17 

4.3 
23.1 

16 

17 
18 
23 

2.1 
2.7 
2.4 

0.00 
7.36 
0.00 

0 
0 
8 

4.50 
1.72 
7.94 

33.6 
5.6 
3.9 

14 

20 
18 
10 

5.0 
5.0 
7.0 

0.00 
7.36 
0.00 

0 
0 

4 

2.29 

1.43 

12.90 

13.5 

10 

19 
19 
12 

8.0 

10.0 

8.0 

0.00 
7.36 
0.00 

0 
0 

7 

1.24 
1.43 
2.29 

25.8 

Vn  oonoentrate  samples. 


Table  4. — Screen  Analyses 


Ore  A 

Openinc 

Mesh 

.Weights 

Assays 

Mm. 

Per  Cent. 

Pb, 
Per  Cent. 

Zn. 
Per  Cent. 

Through 

0.589 
0.417 
0.208 
0.147 
0.104 
0.074 
0.074 

28 
35 
65 
100 
150 
200 
200 

100.00 
0.43 
12.88 
34.46 
23.76 
10.59 
17.75 

O.QO 
0.05 
0.07 

0.07 

2.19 

19.08 

On 

0  00 

On 

0  98 

On 

1  37 

On 

2  24 

On 

6  46 

Through 

14  60 

OreB 
Through 

200 

100.00 

OreC 
Through 

0.295 
0.208 
0.147 
0.104 
0.074 
0.074 

48 
65 
100 
160 
200 
200 

100.0 
2.2 
16.7 
16.0 
53.3 
11.8 

1.58 
1.58 
1.82 
1.46 
1.73 

On 

On 

On 

On 

Through 
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PRODUCTS 

OF   TMC 
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Every  Mining  Man 
Should  Have  The 
Bulletins  LiateJ. 


"InKeraoll-Rocler"  ClaM  PRE— Direct  Con- 
nected Elecb-ically  Driven  C<HiipressorB 

.      Bulletin  3026 

"Inseraoll-Roffler"      CI  us      ORC — Corliss 

Steam  Enffine  Driven  Compressora  Bulletin  3029 

"Imperial"  Type  XB — Power  Driven  Conj- 

presGora  Bulletin  3312 

"Imperial"  Type  XPV — Piston  Valve  Steam 

Engine  Driven  Compressors  Bulletin  3033 

||Leyner-ln2ersoll"  Water  Drills  Bulletin  4120 

"Jackhamers" — includinff  mounted  type 

Bulletin  4221 
"Stopehamers"  Bulletin  4036 

Leyner  Drill  Sharpeners  Bulletin  4122 

L«yner  Oil  Furnaces  Bulletin  9020 

"Little  TuKBer"  Mine  Hoists  Bulletin  4133 


INGERSOLL-RAND  CO. 

NEW  YORK        Offices  tbe  WotM  fKer  LONQON 
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Transit 
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•copa  objectin  ilida, 
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HELLER  A  I 
Cor.  Sstlna  Oank 
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INDUSTRIAL  SECTION 


Beyer  Barometric  Condenser 

The  Ingersoll-Rand  Co.  ia  now  offering  to  the  trade  complete  ateam- 
condensing  plants  for  all  service  conditions.  This  equipment  includes 
the  Beyer  barometric  condenser,  for  which  the  company  has  secured  the 
patent  rights,  Imperial  duplex  and  Ingeraoll-R<^er  straight-line,  recip- 
rocating dry  vacuiuu  pumps  and,  where  required,  Cameron  simplex  and 
centrifugal  pumps. 


Betzr  Babombtric  Gondenseb  Installed  at  a  Plant  ih  Virqinia. 

The  Beyer  barometric  condenser  is  of  the  counter-current  type,  in 
which  air  and  cooling  water  flow  in  opposite  directions.  The  steam  inlet 
is  at  the  bottom  of  the  condensing  vessel,  the  water  inlet  above  and  the 
air-removal  opening  at  the  top.  The  sheets  of  cooling  water  overflowing 
the  pool  at  the  inlet  point  meet  the  entering  steam.  The  two  are  brought 
into  intimate  contact  by  conical  baffle  plates  which  assist  the  water  to 
absorb  to  its  full  capacity  the  latent  heat  of  the  steam.  The  non-con- 
densable air  liberated  in  the  condensing  action  rises  through  the  falling 
water  to  the  removal  point  at  the  top,  being  cooled  to  practically  the 
temperature  of  the  incoming  water.  It  is  also  to  be  noted  that  ample 
opportunity  is  given  for  the  removal  of  the  air  content  of  the  water  before 

(3)  lUantlonthkBvLLanii  wbu  writing  adnrtkMKl 
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ALBANY  GREASE 


Albany  Grease  devel-  We'll  furnish  a  liberal 

oped  a  saving  of  82%  quantity  of  Albany 

.   ,  ,  .  *  "  Grease  and  an  Albany 

in  lubncants  for  a  large  Cup  will  be  sent  upon 

mine.     Wby  not  con-  request  without  charge 

,      ^  ^  WWTB  HOW 

duct  a  test  on  your  ,,.       .....     ,. 

^  Albany  Lubricating  Co. 

equipment.  lirEwyoar 


Call  on  Duxbak  for  Anything  Rcasonalile  and  You'll  not  be  Disappointed 


11  Tou  need  beltina  for  dm  in ^ 

plmcM,  Schiarcn'i  Dnibik  Water- 
proof Leither  Belting  ii  the  kind  1 
do  the  work;  [or  theTeither.  cernei 


bak  formi  m  pRitectioTi  agu 
parcliinff  dry  air  that  hardeni  i 
crack*  ordiDary  beltina. 

Try  one  Duibak  Belt  for  your  o 

Mtiifactioa.    You'll  never  r^ret 

k  <b.  CM  M«UI  .1  Hew  .<  Ik.  Su  Fr«i>u<» 


3(>-3»  FgfTY  St,  New  Vorfc  Cltr     SmUh.    DwiTaf.  i 


I  BEER,  SONDHEIMER  C®,  CO. 


DENVER.  COLORADO  LONDON,  E.  C. 
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it  mixes  with  the  steam.  This,  the  manufacturer  poiutB  out,  not  only 
facilitates  the  mixing  process  but  permits  the  removal  of  air  and  vapor 
at  a  comparatively  low  temperature,  a  distinct  advantage,  as  the  reduced 
volume  saves  in  vacuum  pumpage  horsepower. 

The  steam  inlet  is  of  large  diameter  to  secure  low  velocity  and  is 
hooded  in  such  a  way  as  to  discharge  the  steam  into  the  center  of  the 
condensing  vessel.  The  air-removal  opening  is  also  of  ample  area  and  is 
protected  by  a  self-draiuing  baffle  and  trap.  This,  it  is  said,  positively 
prevents  water  being  carried  over  into  the  vacuum  pump. 


SB<nioN.     Beyer  Barometric  Condenser. 

The  hot  waste  water  is  dischai^ed  through  the  self-draining  tail  pipe 
This  pipe  straddles  the  hot  well  and  rigidly  supports  the  condenser. 

The  Imperial  and  IngersoU-Rogler  vacuum  pumps  are  of  the  manu- 
facturers' standard  type.  They  are  high-speed  reciprocating  machines, 
wholly  inclosed,  automatically  lubricated  and  are  said  to  effect  a  floor 
space  saving,  approximating  50  per  cent,  over  the  more  common  sloirer- 
speed  vacuum  pumps. 

When  a  water  pump  is  required  to  elevate  cooling  water  to  the  con- 
denser head,  Cameron  pumps  are  provided.  These  may  be  either  recip- 
rocating or  centrifugal,  ae  desired.  The  Ingersoll-Rand  Co.,  however, 
(*) 
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emphasizes  the  fact  that,  where  the  level  of  the  cold  well  is  of  sufficient 
height  above  the  hot  well,  the  condenser  will  lift  its  own  cooling  water, 
dispensing  entirely  with  a  water  pump. 


Permissible  Explosives  and  Electric  Firing 

E.  I.  DuPont  de  Nemours  &  Co.  have  issued  a  circular  directing  the 
attention  of  coal-mine  operators  to  the  subject  of  permissible  explosives 
and  electric  firing,  from  which  the  following  paragraphs  are  quoted: 

According  to  statistics  compiled  by  the  U.  S.  Bureau  of  Mines,  there 
were  slightly  more  than  288,000  lb.  of  permissible  explosives  used  in 
American  mines  in  the  year  1903,  and  the  fatalities  during  that  year, 
directly  traceable  to  explosives,  were  0.339  per  1,000  men  employed. 

In  1914  over  15,000,000  lb.  of  permissible  explosives  were  used  and 
the  fatality  rate  dropped  to  0.096  per  1,000  men  employed.  A  reduction 
of  72  per  cent.  Again,  in  1870  there  were  13.47  fatal  accidents  for  every 
million  tons  of  coal  mined  in  this  country  and  in  1914  only  4.78  for  every 
million  tons  mined. 

There  is  still  room  for  an  even  better  showing  than  the  above,  because, 
compared  to  European  statistics,  we  are  still  behind  in  the  matter  of 
safety  and  protection  in  coal  mining. 

The  Bureau  of  Mines  Statistics  also  show  that  of  all  the  accidents  due 
to  explosives  in  coal  mines  25  per  cent,  are  caused  by  premature  blasts 
caused  by  miners  using  short  fuse  or  defective  squibs. 

When  explosives  are  detonated  electrically,  the  maximum  execution 
is  always  assured.  The  blast  cannot  occur  until  the  miner  desires  it  and 
when  everyone  is  in  a  safe  place.  As  many  holes  as  desired  can  be  fired 
at  one  time,  so  that  it  is  possible  to  use  less  explosive  per  ton  of  coal  than 
when  firing  by  fuse  and  blasting  caps. 

The  cost  of  installation  is  low.  A  blasting  machine  suitable  for  use 
in  coal  mines  costs  about  $10  and  will  last  for  years  if  properly  cared 
for.  Electric  blasting  caps  cost  little,  if  any,  more  than  fuse  and  blasting 
caps,  and  the  cost  of  leading  wire  is  small.  The  advantages  and  benefits 
gained  greatly  outweigh  the  small  first  cost  of  installation. 


Jeffrey  Manufacturing  Co.  Opens  Branch  Offices  at  Dallas  and  St.  Louis 

The  Dallas  oflSce  will  be  located  in  the  Commonwealth  National  Bank 
Building,  and  will  be  in  charge  of  Mr.  J.  U.  Jones.  Mr.  Jones  has  20  years 
of  successful  salesmanship  to  his  credit,  and  a  thorough  personal  knowl- 
edge of  the  State  of  Texas  and  the  requirements  of  its  buyers. 

Mr.  W.  V.  Cullen  has  been  placed  in  charge  of  the  St.  Louis  ofiice, 
with  headquarters  in  Room  A-21  of  the  Railway  Exchange  Building. 
Long  experience  in  sales  engineering  work,  and  training  in  the  appUcation 
of  Jeffrey  products,  quaUfy  Mr.  Cullen  for  handUng  this  work. 

(  6  )  (Mtntioii  this  BuLunui  whan  writiiic  sdTartlNn.] 
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TRAYLOR  SMELTING  FURNACES 

BUILT  DURING  THE  PAST  FEW  MONTHS 
AND  STILL  THEY  COME 

HOKTHPORT  S.  &  R.  CO.  S--4S'xlM'  Savut-LBAD  Fusracis 

RIVER  S.  A  S.  CO.  1 — U'xlM'  Ziifc  Oddiziito  Fusraci 

TENH.  COPPER  CO.  1— M'xSTO'  COPPBK  PUBHACI 

imiOIT  HIinERE  duH.  K.  t—WxtW  COPPKS  FUSHACKS 

THITB  INVESTING  CO.  1 — U'xlSO'  Special  Svblttro  PnSHACl 

BDKKBR  HILL  &  SULLIVAN  9— 48'zl80'  Silvxr-lkad  PmjiACBS 

GENERAL  CHBHICAL  CO.  3— U'z  118'  Special  Shklthto  PuaHAClS 

RARITAN  COPPER  CO.  1— «'xHO'  Copper  Furhace 

ofHtRM^K^RS    'o    "N*-^  SCORE   [NOW 

TRAYLOR  WATER  JACKETS  ARE  WORLD  STANDARD 
TRAYLOR  ENGINEERING  &  MFG.  CO. 


Sullivan 

"Double  Angle  Compound"  Air 

Compressors  ^jHSsr"'"''"' 

operating  economy 

The  Sullivan 
"Three -Pass" 
iotercooler     i  s 
the  latest  word 
in  air  end  effi- 

aency. 

Gel  BuUelin 
858-5 

1 

ichlnery  Co. 

CDKACO 
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The  Slogan  of  the  Cameron— "CkaracUr:    T/u  Grandest  Tkin^f' 

High  Efficiency  against  Higii  Heads 

Tbis  iliustration 
shows  a-s'  3-SUge 
Cameron  C  e  n  t  r  i  f- 
ugal  Pumps,  Direct 
Connected  to  300 
H.P.  Motor,  Kiving 
a  capacity  of  600  G.P.M.,  against  1115  feet  Head  at  1760  R.F.M.     These 

CAMERON  CENTRIFUGALS 

were  run  continuously  without  inspection  (or  4  months,  and  gave  their  initial 
high  efficiency.  After  replacing  the  packing  in  the  Stuffing  Boxes,  they  have  been 
opierated  to  date  without  interruption. 

This  is  just  another  example  of  the  High  Efficiency  and  Economy  you  can  be 
sure  of  when  you  install  CAMERON  CENTRIFUGALS. 

Simpla  ID  deufn,  Compact,  StToni  and 

Reliible,  with  Eoriionollji  Split  Cuiaf 
vhich  giveA  ready  accsb  to  thv  working  piirU- 

Spicial  Pampi  for  Etstt  Pdrpo(« 

BMitim  and  Suit  Informatttm  n  Remtst 

A.  5.  CAMERON  STEAM  PUMP  WORKS 

11  BROADWAV,  NEW  YORK  OfllceB  the  WocM  Over 


IHaoUon  thk  BDixniH  whu  •Ritios  adnttkwa.) 
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For  Moisting  from  Deep  Shafts 

use  a 

Westin^housc  "CW"  Hoist  Motor 


because  it  is  built  to  meet  such  conditions  as  occur  when  maximuni 
production  from  great  depths  is  desired. 

The  frame  and  shaft  are  big  and  strong. 

The  bearings  are  generous. 

The  diameter  of  the  rotor  is  small  to  reduce  jlywheel  e§ect. 

All  coils  are  form  wound  laid  in  open  slots. 

The  windings  are  all  braced  and  banded  to  withstand 
vibraiion. 
The  motors  of  this  hne  have  big  pulling  power  far  in  excess  of  their 
horsepower  rating.     They  are  insulated  for  plugging  and  designed  for 
high  electncal  efficiency.     Every  detail   constructed   to  withstand 
hard  service, 

A  complete  line  of  control  for  every  type  of  hoisting  is  available  for 
use  with  these  motors. 
Let  us  recommend  a  motor  and  control  to  fit  your  needs. 

Westinghouse  Electric  &  Mfg.  Co. 

Sales  Offices  fV'i\  ^^^"^   PITTSBURGH 

In  all  large  AmerkanCntea        \^^B/  PEN  (NSYLVANIA 

(Hanlian  tUi  Bvuam  wben  writliw  kdrvttaKv]  (9) 


A  DIRECTORY  OF  MINING  AND 


ALBANY 
GREASE 


ALBANY  LUBRICATING  CO. 

Adam  Cook's  Sons,  Proprietors 

708-10  WaaUafftoa  Stroot  How  Toik  Cilj 

ManiifactiirorB  of  Albany  Greaae,  Cook's  Lubricant  and 
Albany  Aotomobfle  and  Machinery  Oils.  Mannf  actnrars 
and  refiners  of  lubricants  for  every  condition  and  terr- 
ice.    Write  for  descriptive  matter. 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  Ca 

Milwaukee,  Wisconsin* 

MUnifG  MACHINERY  of  Every  l^pe.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited, 
Toronto,  Ont 


PUMPS 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON    VERTICAL    PLUNGER     SINKING 
PUMPS,  for  shaft  sinking.    CAMERON  HORIZON- 
TAL  PLUNGER  STATION  PUMPS,  for  baadlinc 
gritty  water. 

ISMELTING 
AND 
MILLING 
EQUIPMENT 


COLORADO  IRON  WORKS  CO. 

Main  Offloo  and  Worki,      ttrd  and  Wynkoop  Sto. 
Downtown  Offloo,  20€  Idoal  Buildlnf 

Denver,  Cole. 

Manufacturers  of  complete  equipment  for  cyanide  and 
concentrating  mills  and  smelting  plants. 


MOTORS 

CROCKER-WHEELER  CO. 

FOR 

Ampere,  N.  J. 

EVERY 

Manufacturers  of   Electric    Motors,   Generators    and 

PURPOSE 

Transformers.    Alternating  and  Direct  Current 

A88AYERS 

AND 

CHEMISTS 

SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Cele.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES. 
SCORIFIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


(10) 


(Montton  thio  BuLLami  whon  writlnt  adTorUson.] 


METALLURGICAL  EQUIPMENT 


DENVER  ROCK  DRILL  MANUFACTURINfi  CO. 

I>eiiTery  Colo.  Bl  Paso,  Tez.  New  Tork  Citj. 

Salt  Lake  Citj,  Utah.  San  Frandaco,  CaL 

Seattle,  Wash.  Houghton,  Mich. 

XaVUFACTUBBBS  OF  "WAirOH"  AND  'q>BNVSR''  VMXLLM. 


AIR  AND 

ELECTRIC 

ROCK  DRILLS 

AIR  METERS 


THE  DORR  COMPANY 

New  Tork  DBNVBS,  COLO.  London 

Madiinofy  in  nae  for  Cyaniding.  Wet  fravitj  Coneon- 
tratlon.  Flotation,  Leaching  Copper  ores  and  many 
non-metalhirgicai  indoatrlal  proceaaea. 


CLASSIFIERS 
THICKENERS 


AGITATORS 


THE  ENSIGN  BIGKFORD  CO. 

Slmsbury,  Conn. 
Mannfacturera  of 

SAFETY  FUSB  CORDBAU-BICKFORD 

For  all  BlaatIng  Oparationa 

Foae  for  apodal  retnirtmenta 


CORDEAU- 
BICKFORD 


SAFETY  FUSE 

FOR 
ALL  BLASTING 

BLASTING 

SUPPLIES 


GENERAL  ELECTRIC  CO. 

Sehoneotady,  N.  Y. 

BLBCTRIC  MINE  LOCOMOTIVES.    ELB'^TRIC 
MOTORS  for  Operating  Mining  Machinery. 

ELECTRIC 

MINE 

LOCOMOTIVES 

GOODMAN  MANUFACTURING  CO. 

Chloago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


HARBISON-WALKER  REFRACTORIES  Ca 

Pittsburgh,  Penna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hearth,  Electricid  Furnaces,  Copper  Smelting 
plants.  Lead  Refineries.  Nickel  Smelters,  Sflver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


[Mention  thii  Bullbtxx  whan  writing  adTertis«n.) 
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A  DIRECTORY  OF  MINING  AND 


INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


HELLER  ft  BRIGHTLY 

Philadelphia,  Pa. 

msntUMENT  MAKERS 

Mathematical,  Optical,  Bngineering,  Sttrreying  and 
Astronomical  Instruments. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

Peru,  ill. 

Manufiftctnrers  of   SPELTER,    SHEET    ZINC 
SULPHURIC  ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  New  York. 

^Retvm-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
^Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
•'Calyx*'  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

AND 

METAL 

MINING 

MACHINERY 


THE  JEFFREY  MF&  CO. 

908  North  Fourth  Street,  COLUMBUS,  OHIO 

Electric  Coal  Cutters  and  Drills;  Electric  and  Storage 
Battery  Locomotives;  Coal  Tipple  Machinery  including 
Elevators,  Conyeyers,  Picking  Tahles  and  Loading 
Booms,  Car  Hauls,  Car  Dumps,  Screens,  Crushers,  Pul- 
verizers, Fans,  Hoists,  etc. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 

LEAD  LINED  IRON  PIPE  CO. 

Wakefield,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES— for  Acids  and  Corrosive  Waters. 

WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  ft  SONS  ROPE  COMPANY 

St  Louis,  U.  S.  A. 
New  York        Chicago        Salt  L«l»        Das?ar        8ai 

Manufacturers  of  high  grade  Wire  Rope  for  all  pur- 
poses, induding  the  celebrated  HERCULES  Red  Strand 
Wire  Rope,  and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Locked  CoH  constructions.  Aerial  Wire  Rope  Tram- 
ways for  economical  transportation  of  material. 


(12) 


IMantioii  tUa  BuLLsmi  when  writint  adrartlNia.] 


METALLURGICAL  EQUIPMENT 


THE  LUFKIN  RULE  Ca 

Sagfaiaw,  MidL 

MEASURING 

TapM  for  flbioltite  accim^  In  meamireiiiMitt.    8«id 

TAPES 

for  doMriptlTe  catalogne. 

ROBINS  CONVEYING  BELT  COMPANY 


N«w  Toric 

Chlcaco  Oflc« 


z3-ai  Park  Row 

OldColMjBld'g. 

Maimf tetnrwi  of 
Bolt  ConTeyor»— Bodcet  Blevatort— Ore  Bedding  Syt- 
teme— Unloftdingy  Stoddng  tad  RecUdminc  Towere  tad 
Bridgear— Conveyor  AoxUlariet. 

Write  for  BuUetlni 


ROBINS 
CONVEYING 
MACHINERY 


JOHN  A.  ROEBUNG'S  SONS  CO. 

Trenton,  N.  J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
Agencies  and  branches  throughout  the  country. 

WIRE 
ROPE 

p.  H.  &  F.  M.  ROOTS  CO. 

ConnorsvlllOi  Ind. 

Ifannfacturen  of  the  Roots  Positive  Pressure  Blowere 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
for  Catalogue. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


CHARLES  A.  SCHIEREN  COMPANY 

89  Ferry  Street,  Hew  York 

Hanitfactiirere  of  8CHIBRBN*8  DXJZBAK  WATER- 
PROOF LBATHBR  BBLTIHG.  The  belting  is  water- 
proof and  chemical  prooft  perfect  in  material  and 
workmanship. 


WATERPROOF 
LEATHER 
BELTING 


SULLIVAN  MACHINERY  CO. 

ROCK  DRILLS 

1S2  South  Michigan  ATe.,  Chicago,  HL 

AIR 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 

COMPRESSORS 

DriUs,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 

HOISTS 

Cotter,  Bar  Machines,  Fans. 

PUMPS 

(McBtioB  iliii  BuLLsmr  when  writinc  adTertiMn.] 
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A  DIRECTORY  OF  MINING  AND 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  ft  MANUFACTURING  Ca 

Mftia  OfliM  ftad  Work»-Allontowii,  Pa* 

Vow  York  OfliM,  WosUnk  OfliM, 

to  Ohureh  Btr—%  Salt  Lak*  Olty 

ICMMifftCtiirers  of  Mmm G,  lOLLIKG,  SMBLTDIG 
tnd  CRUSHHIG  MadiinAry.  TRATLOR  Prodncti  pot- 
MttQiuiIity.    OiirBzportBnffaioersareatyoiirMrfke. 


DERRICK 
EXCAVATORS 


UNION  IRON  WORKS 

ll«wark  Street,  Hobc^en,  N •  J. 

Derrick  attadunent  for  eicavatiiif*  Doee  same  work  as 
steam  shoTol  or  dipper  dredge  at  fraotion  of  tiie  oost 
Ask  OS  about  it. 


ORES 
AND 
fl  ETALS 


L  V06ELSTEIN  ft  CO. 

42  Broadway  Hew  York 

Buyers,  smelters  and  refiners  of  ores  and  metals  of  all 


AllllCISiniD 

IKMBBKIHatT 

(■a-liMBSHiilTS 

OniMBKIHatT 

MSiuis  udsinm 

MOmif  Ml  IMUM  M- 
CMNBf 

VULCAN  IRON  WORKS 

Wlikee-Barre,  Pa. 

Vulcan  Electric  Mine    Hoists,  Steam  Hoiate*  HoCit- 
ing  and   Haulage    Engines,  Mining    Machinexy,  etc 

SieUilKMfTnB 
IBmUTMRMS 

Nicholson  Device  for  Prevention  of  Overwinding. 

ELECTRIC 

MINE 

LOCOMOTIVES 


WESTIN6H0USE  ELECTRIC  ft  MF&  CO. 

Bast  Pittsburgh,  Pa. 

THB  BALDWnf-WESXniGHOnSB  ELECTRIC  MIlfB 
LOCOMOTIVES.  For  fall  information  write  either  to 
aboTO  address  or  THE  BALDWIN  LOCOMOTIVE 
WORKS,  Philadelphia,  Pa. 


AMMETERS 

AND 

VOLTMETERS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  EcUpse  AMMETERS,  MILLIAMMETBRS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 
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METALLURGICAL  EQUIPMENT 


ADVANTAGES  TO  MEMBERS  OF  OOR  ADVERTISING  SECTION 


mMt  o<  Uwl  m*teri*l  is  tk*  BvOtUtt,  or  It  thty  do  not  Bad  It  adirartlMd  la  Um  BidUin.  will, 
wka  occhnnft  Mk  tb*  musfartoran  wby  Um  goodi  ww*  aM  adTVtbid  la  tb«  iMtltaM 
paUuatian,  M  wiB  b*  a(  maUrial  bra^l  to  ail  <f  m,  bMUM*  tb*  abM  niMa  whr  adtwtkOT 

■IB  iiinlilttnlnntrllrintiiiiiimihiniiMl  pill  ill itn  nnl  miiilinii  rhi  ff»Bitiii  iilm  iiillliii 

naaUy,  if  mnahns,  wbm  In  iMvl  el  aaytUna  wbattonw,  will  wilt*  to  tb*  loMitata  b^J- 
qaaiton,  an  affiirt  will  bt  mad*  to  (tad  tbnn  a  aompUt*  Bit  af  outnolaotann  abl*  to  topplr 
tb*  d^rad  matotah  c<  BOod  quaUlr.  Tb*  tiutfablnc  el  Ome  bit*  will  b*  a  baadit  to  OBt 
AdrtrtklBS  DapartmMt,  w  mil  a*  to  tba  muabv*.  Wa  iMd  wandr  oall  attastlon  to  tba 
BdTBBtacM  ofataintd  br  tb*  mambaa  tnm  tb*  aoaar  wUoh  adTBrtUai  Man  la,  baaaoa*  all 
tbb  iBBBar  1*  lataniad  ifiiattly  to  tb*  BMrnban  lo  oo*  lorn  or  another. 


L.  VOGELSTEIN  Ot.  CO. 

43  BrMdway  HEW  TORK 

BUYERS,  SMSLTSRS 
AND   REFINERS    OF 


Ores  and  IVIetals  of  All  Classes 

SELLERS     OF     COPPER,    TIN,     SPELTER, 
ANTIMONY,     LEAD,     ETC. 


"Safety-Flrsr  Mine 

BY  USING 

LASTING  MACHmEU 

FIRING  loaded  bote  holes  with 
dcctrical  currents  decreases  the 
liability  of  accidents,  increases  the 
efficiency  of  explosives  and  reduces 
the  cost  of  blasting  operations. 
Simplicity  of  design,  compactness 
and  dependability  in  operation  make 
Du  Pont  Blasting  Macnines  practical 
and  popular  with  blasting  crews. 
Safeguard  life  and  property  by  re- 
quiring the  use  of  blasting  machines 


IHaatlan  tU*  BuuJ 
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PROFESSIONAL  CARDS 

ALMdDfi^  WALTER  H. 

McteOiirgiaa  XDfinMr 
14  WftU  Btr—t                  nW  TOES 

HAMMOND,  JOHN  HAYS. 

7Z  Bioadwmy,              NEW  YORK. 
Code:  Bedford-McNeiU. 

BEATTY.  A.  CHESTER      . 

CMMltlng  Mining  Englnnnr, 

.  71  BioMKray, 

NEW  YORK,  N.  Y. 

CtUeAddm: 

firanttic. 

HANKS.  ABBOT  A. 

Ciieaitt  and  AaaAyer 

EsUbUshed  x866 

Control  and  Umpire  Assays,  Snpcrrl- 
sion  of  Sampling  at  Smelters,  Cbemloal 
Analyses  of  Ores,   Minerab,   Miacnl 
Waters,  etc. 

IMBMnMitoBt    San  Fnuieiaca,  Cal. 

BURCH,  H.  KENYON 

Mechaikal  aid  Metallurslul  Eiflieer 

Care  The  Sierra  Madre  Club 
L.  A.  InTestmeiit  Bldff. 

Los  Aaceles,  Califomia 

Designer  and  Builder  of 
Power,  Hoisting,  Pumping, 
Crushing  and  Milling  Plants. 

Specialties:  Concentration  of  Ores, 

Economic  Handling  of  Materials 

LEDOUX  ft  COMPANY 

Assayere  and  Samplers 
99  Jalin  Stiiit              NEW  YORK 

Independent  Ore  and  Metal  Samplcn. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

GHANNIN6,  J.  PARKE 

Contultlng  Eigineer, 
6i  BftOADWAT,              NEW  YORK. 

MYERS.  DESAIX  B. 

Mining  Engineer 

321  Stoiy  Boflding         LOS  ANOSU8 

COULDREY,  PAUL  S. 

Mining  Engineer 

Qeneral  Mining  Buperintendent 
Cbbbo  db  Paboo  MiifiNO  Ck>. 

CERRO  da  PASCO,  PERU 
SOUTH  AMERRA 

MAKE  ARRANGEMENTS 
NOW  FOR  YOUR  CARD. 

RBHARDS^  ROBERT  H. 

OrtDrsMfaf 
If  siMiilmuMi  ^"■-♦wsn  ii#  TiirlmnlsiT 
BOSTON.  MASS. 

RiOROAN,  0.  M. 

CwtuUing  BiufUutr 
Mining  InTestigatibns  espeeiall  v  earef  ally 
mi  dj  for  responsible  intending  uyesiofs. 

818  Market  Btr««t,  Ban  Vranelseo,  CaL 

FOR  PROFESSIONAL   CARDS 
QUOTED    ON    APPLICATION. 

(1«) 


f  Mention  this  BvLunnr  when  writing  advertiMn.) 
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PROFESSIONAL  CARD 


YOUD,  HERBERT 


Guard*,  Portugal 


Code:  Bedford-McNeiU 


AT  YOUR  SERVICE 

When  you  are  in  need  of 
equipment  of  any  kind, 
write  the  Advertising 
Dept,  A.  I.  M.  E.,  and 
your  wants  will  be  made 
known  to  those  manufac- 
turing or  handling  the 
same.    NO  CHARGE. 


PROPOSALS  FOR  MEMBERSHIP,  A  bUk  proposal  for  membership 
"""""""""""^""^"^~""^^""~"""""""'""'  is  included  in  each  Bulletin.  In 
the  event  o(  not  beintf  able  to  secure  such  a  one,  applications  for  member- 
ship can  be  made  out  on  any  blank  piece  o(  paper,  provided  they  include 
the  class  to  which  the  candidate  is  proposed,  whether  member,  associate 
or  junior  member;  the  signature  of  three  members  or  associates  Gunior 
members  must  also  have  the  endorsement  o(  two  of  their  instructors);  a 
brief  history  of  the  candidate,  including  date  and  place  of  birth,  his  edu- 
cation and  technical  record,  and  finally  a  signed  statement  by  the  applicant 
that  he  desires  to  become  a  member. 


BLUE  ENAMELED  PIN 


GOLD  CROSS  HAMMERS 


SEAL  FOB 


THE  AMERICAN  INSTITUTE  OF 
MINING  ENGINEERS  has  adopted 
no  official  badge,  the  possession  of  which  is 
proof  of  membership.  Numerous  designs, 
however,  have  been  executed  for  temporary 
use,  and  of  these  three  here  shown  have 
proved  so  convenient  and  attractive,  that 
many  members  continue  to  wear  them  as 
personal  ornaments.  To  this  there  is  no  ob- 
jection; and  these  badges  will  be  sent  post- 
paid to  Members  and  Associates  on  the  re- 
ceipt of  the  price  by  New  York  check,  or 
Postal  Money  Order,  in  favor  of  the  Insti- 
tute, as  follows: 

Blue  Enameled  Pin,  Silver,  I0.75;  gold,  $2.00;  White 
Enameled  Button  for  officers,  gold,  $2.00;  Cross- 
Hammcis,  gold,  $3.00;  Seal  Watch-Fob,  silver, 
$3.35;  silver-gilt,  $2.75;  gold,  (14  kt.)  $14.00. 


IMantioii  thb  BuLLsmr  when  writins  adrertiMn.] 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


Albany  Lubricating  Co 3 

Allis-Chalmers  Manufacturing  Co 10 

Beer,  Sondheimer  &  Co 3 

A.  S.  Cameron  Steam  Pump  Works 8 

Colorado  Iron  Works  Co Inside  Front  Cover 

Crocker-Wheeler  Co 10 

Denver  Fire  Clay  Co .  10 

Denver  Rock  Drill  Co.    . 11 

Dorr  Co.,  The 3 

Du  Pont  Powder  Co 15 

Ensign  Bickford  Co 5 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 11 

Harbison- Walker  Refractories  Co 11 

Heller  &  Brightly 1 

Illinois  Zinc  Co 12 

IngersoU-Rand  Co 1 

Jeffrey  Manufacturing  Co Inside  Back  Cover 

Lead  Lined  Iron  Pipe  Co 12 

A.  Leschen  &  Sons  Rope  Co 12 

Lufkin  Rule  Co 5 

Robins  Conveying  Belt  Co 13 

John  A.  Roebling's  Sons  Co Inside  Back  Cover 

P.  H.  &  F.  M.  Roots  Co 13 

Chas.  A.  Schieren  Co 3 

Sullivan  Machinery  Co 7 

Traylor  Engineering  &  Manufacturing  Co 7 

Union  Iron  Works 1 

L.  Vogelstein  &  Co 15 

Vulcan  Iron  Works 8 

Westinghouse  Electric  &  Mfg.  Co 9 

Weston  Electrical  Instrument  Co 5 

( 18  )  [Mention  thip  BuLumx  wlien  writins  adTertlMn.] 
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World's  Largest  Electric  Shovel 
Strips  Overburden  From  Coal 


At  Smithfield,  O.,  the  Piney  Fork  Coal  Com- 
pany strip  the  overburden  from  their  coal  with 
a  6  yard  electric  shovel,  operated  by  purchased 
electric  power  from  Wheeling,  West  Va,,  a 
dozen  miles  away.  G-E  Motors  and  Control 
equipment  are  used  exclusively. 

The  economy  and  certainty  of  power  result- 
ing have  permitted  uninterrupted  operation 
through  the  coldest  weather. 

Two  electrical  equipments  for  8  yard  shovels 
have  been  sold  as  a  result  of  the  splendid 
satisfaction  given  by  the  6  yard  shovel.  These 
shovels  rre  operated  by  one  man  and  are  both 
roomy  and  clean  thus  promoting  safety  of 
operator. 


General  Electric 
Company 

General  Offices :  Schenectady,  N.  Y.    District  Offices  in : 


dadniiiti,  Ohio 
St  Lotiit,  Mo. 


New  York,  N.  Y.  PliiUidelphia,  Ft.  Atltnti,  Oa. 

Chicago,  111.  Benrer,  Colo.      Sui  Fmnrigfffa  Gal. 

Sales  Offices  in  All  Large  Cities  6304 
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Smelting  Equipment 

We  were  pioneers  in  the  building  of  blast  furnaces 
for  smelting  copper,  lead,  silver  and  gold  ores  and  have 
made  this  a  specialty  for  many  years.  Intimate  knowl- 
edge of  the  metallurgical  requirements  and  (a  sustained 
effort  to  excel  in  this  line  have  caused  our  productions 
to  stand  pre-eminent  as  the  most  advanced  examples  of 
this  class  of  equipment. 


Our  extensive  familiarjly  with  the  metallurgy  of  these  metals  makes 
us  more  than  mere  manuiacturers.  It  equips  us  to  advise  with  engineers 
in  the  determination  of  the  very  best  apparatus  and  method  of  installa- 
tion to  meet  the  necessities  of  any  particular  problem. 

Every  engineer  whose  interests  touch  the  production  of  copficr  and 
lead  should  have  a  copy  of  our  smelter  catalogue  No.  la-F,  which  illus- 
trates many  furnaces  and  much  other  equipment  used  in  copper  and  lead 
smelting.     May  we  send  it  to  you? 


Colorado  Iron  Works  Co. 

Denver'   Colondo 

Main  Ofllce  «ii  Worlo:  33rd  and  Wynkoop  Si..        Down  Town  Office:  206  [d«]  Budduf 
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AcLcLress. 
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FlcLoe  of  birth. 


Year  of  birth. 
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(If  the  applicant  haa  previously  been  propoeed  ••  a  Member,  Aaaodate  or  Junior  Member  of  the  Inatitat* 
this  faet  should  be  stated.) 

I  agree,  if  elected,  to  accept  election  within  four  months,  and  to  abide  by  the  Consti- 
tution and  By-Laws 


Signature  of  AppUcarU: 
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EXTRACTS  PROM  THE  CONSTITUTION. 

ARTICLE  IL— Members. 

Ssc.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely:  1.  Membeii;  2.  Hon* 
orary  Members ;  8.  Associates ;  4.  Junior  Members.  *  *  * 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  in  the  Institute,  namely:  tf 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  penom 
actirely  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  AsBodates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Dtteeton 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  haye  not  taken  thdr 
degrees  and  who  are  nominated  by  at  least  two  of  their  instructors.  *  *  * 

Erery  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membenhip,  as  pr»* 
scribed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directon. 


BULLETIN  OF  THE 

AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS 

PUBLISHED  MONTHLY 


No.  117  SEPTEMBER  1916 


PnUidMd  MoniUy  by  the  Amwiean  InstitvU  ol  Bfininc  BachiMn  at  213-218  York  St., 
Tork,  7ft.,  H.  A.  Wnomur.  PabBMtioB  Maaftctr.  Editorial  Offlet,  20  West  89th  St..  New  York, 
N.  Tn  Bbadlbt  0TOUOBTON,  Editor.  Oabla  addien,  "Aima,**  Weatarn  Union  Tikgiaph  Coda. 
Snbioription  Onolndins  poaCaca),  810  par  anniiin;  to  mambara  of  tha  Inatttnta.  irabBa  Hbrarita,  aduoa- 
tknial  inadtntiona  and  taohni«al  todatlea,  85  per  annum,  fihigle  ooplaa  Onolnding  poaCaca),  81  aaeh: 
to  Biambara  of  tha  Inatitnta,  pubUo  Ubrariat,  ate.,  SO  eenta  aaeh. 

Entered  aa  Seeond  Claat  matter  January  28. 1014,  at  the  Peat  Offioe  at 
York,  Pennaylrania,  under  the  Aet  of  March  8,  1870. 


MANUSCRIPT  CLOSING  DATE  FOR  THE  NEW  YORK 

MEETING,  1917 

The  114th  (New  York)  Meeting  of  the  Institute  will  be  held  in  the 
third  week  of  February,  1917.  The  Committee  on  Papers  and  Publica- 
tions has  set  Dee.  1,  1916,  as  the  closing  date  for  the  receipt  of  manu- 
scripts intended  for  this  meeting. 

Manuscripts  must  be  received  by  the  Secretary  on  or  before  this  date. 
If  they  are  sent  through  members  of  the  technical  committee  they  must 
be  sent  to  those  committees  enough  in  advance  of  the  time  to  be  for- 
warded and  in  the  hands  of  the  Secretary  by  the  time  specified. 

While  Dec.  1,  1916,  is  the  final  closing  date,  it  is  a  great  advantage  to 
get  papers  in  as  much  before  that  time  as  possible  as  it  enables  them  to  be 
submitted  in  proof  form  to  their  authors.  Papers  received  on  or  before 
Nov,  1>  1916,  will,  as  far  as  possible,  be  published  in  the  January  Bulletin 
or  earUer,  thus  giving  good  distribution  among  the  members  in  advance 
of  the  meeting. 

The  Institute's  records  show  that  the  discussion  of  papers  is  very 
much  better  when  they  are  distributed  somewhat  in  advance  of  the  meet- 
ing instead  of  in  the  Bulletin  which  goes  out  immediately  preceding  the 
meeting. 
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CHARLES  KmCHHOFF— IN  MEMORIAM 

Born,  March  28,  1853  Died  July  23,  1916 

On  July  25,  1916,  the  Board  of  Direclors  adopted  the  foDowing 
minute  and  directed  that  it  be  entered  upon  the  records  of  the  Board  and 
published  in  the  Bulletin  of  the  Institute,  and  that  copies  thereof  be  sent 
to  the  family  of  Mr.  Kirchhoflf  : 

Charles  Kirchhoff  was  one  of  the  oldest,  most  widely  known  and  most 
highly  esteemed  members  of  th'^  American  Institute  of  Mining  Engineers. 
On  his  return  in  1875  from  a  European  course  of  study,  to  begin  a  highly 
successful  professional  and  business  career,  he  joined  the  Institute,  then 
just  commencing  to  acquire  both  national  and  international  recognition. 
He  became  at  once,  and  for  more  than  40  years  continued  to  be,  its  earnest 
and  active  supporter,  serving  it  as  Manager,  Councilor  or  Director  for 
terms  aggregating  9  years,  as  Vice-President  for  2  years,  and  twice  as 
President  for  a  year. 

During  the  critical  period  of  the  erection  of  the  United  Engineering 
Society's  building,  and  the  transfer  of  the  Institute  to  permanent  head- 
quarters therein,  Mr.  Kirchhoff  was  its  efficient  representative  in  the 
United  Engineering  Society,  and  on  the  Building  Committee. 

In  1910,  amid  the  congratulations  of  colleagues,  employees,  and 
innumerable  friends,  Mr.  Kirchhoff  retired  from  active  business  as  Vice- 
President  and  General  Manager  of  a  great  technical  publishing  company. 
Yet  he  sacrificed  of  his  well-earned  leisure  yet  one  more  year,  to  serve  the 
Institute  as  President  through  1911. 

The  remainder  of  his  life  was  spent  in  retirement;  but,  to  those  who 
were  privileged  to  know  him  most  intimately,  his  long,  brave,  silent, 
losing  fight  against  a  progressive  and  fatal  disease  was  a  not  unworthy 
close  to  his  useful  and  distinguished  career. 

Mr.  Kirchhoff  was  one  who  secured,  because  he  practiced,  loyalty  in 
friendship,  justice  and  kindness  in  personal  intercourse,  openness  and 
equity  in  business.  Modest,  but  not  timid;  prudent,  but  progressive; 
gentle,  but  firm;  full  of  chivalry  and  of  common  sense;  indefatigably 
industrious  and  inexhaustibly  patient,  he  won  victories  without  making 
enemies,  and  crowned  with  a  heroic  death  the  record  of  a  life  unstained. 

This  Board  extends  to  the  widow  and  relatives  of  Mr.  Kirchhoff  its 
profound  syihpathy  in  their  bereavement,  assuring  them  that  the  entire 
membership  of  the  Institute  unites  in  this  expression  of  gratitude  for  the 
life  and  labors,  and  sorrow  in  the  loss,  of  an  honored  Colleague  and  dear 
friend. 
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ARIZONA  Meeting,  September  is  to  25, 1916 

For  the  first  time  in  its  history  the  Institute  will  hold  a  meeting  in  the 
State  of  Arizona. 

A  few  years  ago  Arizona  stood  third  in  the  copper-producing  districts 
of  the  United  States.  Since  that  time,  with  the  development  of  porphyry 
mines,  the  output  has  gone  up  with  great  rapidity  until  it  not  only  is  the 
leading  district,  but  its  output  at  the  present  time  is  at  the  rate  of  nearly 
double  the  Montana  output,  which  now  stands  second  in  the  list. 

In  connection  with  this  development,  most  interesting  departures 
have  been  made  in  methods  of  mining,  concentration  and  smelting. 
Principles  of  mining  and  metallurgy  of  the  greatest  interest  will  be  cov- 
ered by  papers  which  will  appear  in  the  Bulletin  and  be  presented  at 
Technical  Sessions,  while  ample  opportunity  will  be  afforded  for  those 
who  go  to  the  meeting  to  see  all  the  points  of  interest  to  them.  In  addi- 
tion, members  will  be  well  rewarded  by  the  marvelous  natural  features 
to  be  seen  on  the  trip,  including  the  petrified  forests,  the  cliff  dwellings 
on  the  Apache  Trail  and  the  Grand  Canyon  of  Arizona. 

It  is  planned  to  start  the  special  train  from  New  York,  but  members 
and  guests  may  join  the  special  at  other  points  en  route  as  indicated  by 
the  following  schedule: 

ITIWERARY 

Thursday,  September  lith 

Lv  New  York,  Grand  Central  Terminal 5 .  30  p.  m. 

Dinner  in  dining  car  a  la  carte 

New  England  Members  via  B.  &  A.  R.  R. 

Lv  Boston (Regular  train) 2 .  00  p.  In. 

Lv  Worcester (Regular  train) 3.12  p.m. 

Lv  Springfield (Regular  train) 4 .  37  p.  m. 

Dinner  in  dining  car  a  la  carte 

At  Albany New  York  Central  R.  R 7.45  p.  m. 

Lv  Albany 9.00p.  m. 

Lv  Schenectady 9 .  32  p.  m. 

Lv  Utica 11 .08  p.  m. 

Friday,  September  16th 

Lv  ^racuse 12 .  30  a.  m. 

Lv  Cleveland 7.25  a.  m. 

Lv  Toledo 10.05  a.  m. 

Ar  Chicago 4 .  00  p.  m. 

Lv  Chicago,  C.  R.  I.  &  P 8.05  p.  m. 

Saturday,  September  16th 

Lv  Kansas  City,  C.  R.  I.  &  P 11 .00  a.  m. 

Lv  Topeka,  C.  R.  I.  &  P 1.05  p.  m. 

Lv  Hutchinson 6.05  p.  m. 

Sunday,  September  17th 

Lv  Santa  Rosa,  E.  P.  &  S.  W.  R.  R 6.30 a.  m. 

Ar  El  Paso 2.40  p.  m. 

Lv  El  Paso,  Southern  Pacific 10.20  p.  m. 

Monday,  September  18th 

Ar  Santa  Rita 4.00  a.  m. 

Visit  mines  of  Chino  Copper  Co.  and  mill  of  Empire  Zinc  Co. 
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Lo  Santa  Rita,  Santa  Fe 2.00 p.  m. 

Ar  Hurley 2 .  46  p.  m. 

Visit  mill  of  Chino  Copper  Co. 

Lv  Hurley,  Sante  Fe 10 .  15  p.  m. 

Tuesday,  September  19th 

At  Douglas 7.00  a.  m. 

Visit  reduction  works  of  Copper  (^een  Consolidated 

Mining  Co.,  and  of  Calumet  &  Arizona  Mining  Co. 

Techmcal  Session  on  ''Smelting." 

Technical  Session  on  "Leaching." 
Lv  Douglas,  E.  P.  &  S.  W U.OOp.  m. 

Wednesday,  September  20th 

Ar  Bisbee,  Arizona. 1 .  00  a.  m. 

Visit  to  mines  of  district. 

Techmcal  Se^on,  subject  "  Mining  and  Geology  " 
Lv  Bisbee,  E.  P.  A  S.  W 10.00  p.  m. 

Thursday,  September  81st 

Ar  Globe 9.00  a.  m. 

Visit  to  mines  and  reduction  works  of  Old  Dominion  Copper  Co. 
Technical  Session,  subject  "Concentration  and  Flotation.'' 
Technical  Session,  subject  "Fine  Grinding.'' 

Friday,  September  82nd  (Globe) 

Visit  reduction  works  of  International  Smelting  A  Refining  Co.,  and  milb  of  The 
Inspiration  Consolidated  Copper  Co.,  and  the  Miami  Copper  Co. 

Technical  Session^  subject  "Mining  and  Smelting." 

(The  Ray  Consohdated  Copper  Co.  will  welcome  members  and  guests  wbo  desire 
to  visit  the  mine  at  Ray.  Special  arrangements  must  be  made  by  omitting  other 
features  on  the  program  and  with  the  imderstanding  that  those  who  go  to  Ray  must 
reach  Phoenix  in  time  to  take  the  train  from  there.) 


Saturday,  September  28rd  (Globe) 


• 


«  

Lv  Globe  by  automobile  over  Apache  Trail,  including  visit  to  Roosevelt  Dam. 

At  Phoenix  about 5 .  30  p.  m. 

Lv  Phoenix,  Sante  Fe 8.00  p.  m. 

THE  APACHE  TRAtt 

History  records  that  the  ancient  trail  leading  to  the  ruined  cUff  dwell- 
ings in  the  Salt  River  Valley  was  fliscovered  in  1540  by  Francisco  Vasquez 
d6  Coronado,  the  Spanish  explorer,  in  his  search  for  the  treasures  of  the 
*' seven  cities"  of  Cibola,  the  abode  of  the  Zuni  Indians — the  "Fathers  of 
the  Pueblos."  Later  the  trail  was  used  by  the  Apache  Indians  and  this 
wild  and  rugged  region  was  one  of  their  last  retreats — the  scene  of  des- 
perate encounters  with  om*  troopers  in  the  campaign  of  1872.  Today 
the  modem  motor  car  follows  the  same  historic  and  romantic  trail  through 
scenery  of  unusual  variety  and  beauty  over  the  highway  between  Globe 
and  Phoenix,  a  distance  of  120  miles. 

The  building  of  the  great  Roosevelt  Dam,  which  required  the  con- 
struction of  the  roadway  through  the  wildest  and  most  rugged  sections 
of  the  route,  has  made  possible  this  unique  mountain  tour,  and  the  conse- 
quent transformation  of  the  Salt  River  and  Tonto  Creek  basins  into  a 
great  lake  region  has  added  a  charming  aspect  to  views  already  grandly 
impressive. 
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Cliff  Dwbllinos. 


R008BTKLT  Dam  and  South  Spillway. 
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CLIFF  DWELLINGS 

At  a  point  four  and  one-half  miles  east  of  Roosevelt,  a  wagon  trail 
leads  up  a  small  canyon  to  a  point  where  a  foot  trail  may  be  taken  up  the 
steep  mountain  side  to  a  group  of  ancient  cliff  dwellings  which  are  well 
worth  visiting.  Another  and  more  extensive  group  of  ruins  can  be 
reached  two  miles  farther  by  trail. 

ROOSEVELT  DAM 

This  great  dam  has  a  maximum  height  of  280  ft.  When  the  reser- 
voir is  full  the  water  backs  up  fifteen  miles  in  the  Tonto  and  fifteen  miles 
in  Salt  River.  A  hydro-electric  plant  located  below  the  dam  furnished 
current  for  use  during  the  construction  period  and  now  provides  power 
for  irrigation  pumping  on  the  Salt  River  Project  and  for  sale  to  private 
consumers. 

The  Salt  River  Valley  is  a  land  of  perennial  summer,  of  oranges,  of 
cotton  and  of  dates.  Alfalfa  is  a  staple,  and  ostrich  farming  is  among 
the  successful  enterprises.  Irrigation  has  hastened  the  valley's  progress 
and  confirmed  its  business  stability.  Phoenix  is  its  metropolis,  an  ener- 
getic and  attractive  city,  and  the  capital  of  the  State. 

Sunday,  September  2t4th 

Ar  Grand  Canyon 8 .  00  a.  m. 

Lv  Grand  Canyon,  Sante  Fe 7 .  40  p.  m. 

GRAND  CANYON  OF  ARIZONA 

The  series  of  tremendous  chasms  which  form  the  channel  of  the  Colo- 
rado River  in  its  course  through  northern  Arizona,  reach  their  culmina- 
tion in  a  chaotic  gorge,  217  miles  long,  from  9  to  13  miles  wide,  and  more 
than  6,600  ft.  below  the  level  of  the  plateau. 

Standing  upon  the  brink  of  the  plateau  at  the  point  of  the  canyon's 
greatest  width  and  depth,  the  beholder  is  confronted  by  a  scene  whose 
majesty  and  beauty  are  indescribable.  It  is  one  of  the  few  widely  adver- 
tised spots  which  one  need  not  fear  approaching  with  anticipations  too 
exalted.     It  has  never  been  adequately  described,  and  never  wiU  be. 

The  poem  which  follows  this  itinerary  was  written  by  Dr.  Rajrmond 
in  July,  1889,  while  he  was  camping  with  a  party  of  friends  near  the 
Grand  Canyon.  The  picture  facing  the  poem,  while  it  fails  to  show  the 
succession  of  pillars  and  "temples"  that  may  be  seen  from  the  brink  of 
the  Canyon,  gives  to  some  extent  an  idea  of  the  great  height  and  majesty 
of  the  walls.  The  poem  and  the  picture  were  printed  in  the  souvenir 
menu  of  the  dinner  given  to  Dr.  Raymond  by  his  friends  in  commemora- 
tion of  his  seventieth  birthday. 

Monday,  September  26th 

Lv  Albuquerque,  Santa  Fe 7 .  00  p.  m. 

Tuesday,  September  26th 

Lv  La  Junta,  Sante  Fe 7.10  a.m. 

Lv  Kansas  City,  Sante  Fe 11 .  00  p.  m. 
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Wednesday,  September,  27th 

Ar  Chicago 11 .  15  a.  m. 

Lv  Chicago,  New  York  Central 12.40  p.  m. 

Lv  Cleveland,  New  York  Central 7.36  p.  m. 

Thursday,  September  28th 

Ar  Albany 6 .27  a.  m. 

Ar  Boston 11.55  p.  m. 

Ar  Grand  Central  Terminal 9 . 40  a.  m. 

Fares  quoted  below  include  railroad  and  sleeping  car  fares  for  the 
entire  trip.  Fares  from  New  York  and  Albany  also  include  excess  fares 
applying  to  Chicago  and  return  owing  to  extra  fast  schedule  of  train. 

For  the  exclusive  use  of  a  compartment  by  one  person,  one  and  one- 
half  railroad  tickets  are  required  and  for  a  drawing  room,  two  tickets  are 
required. 

The  arrangements  as  announced,  also  railroad  and  sleeping  car  fares 
shown  below,  are  conditional  upon  one  hundred  fares  New  York  to  El 
Paso,  one  hundred  twenty-five  fares  El  Paso  to  Grand  Canyon  and  one 
hundred  fares  Grand  Canyon  to  New  York. 


Startmg  point 


Lower 
1  Person 


New  York i$228.50 

•Albany ;  216.60 


Schenectady 

Utica 

Syracuse. . .  . 
Rochester. . . 

Buffalo 

Cleveland. . . 

Toledo 

Chicago 

Kansas  City 


208.06 
205.84 
203.84 
200.60 
198.40 
188.80 
186.30 
176.80 
160.30 


Upper 
eraon 


1  Fe 


$217 
205 
197 
194 
192 
189 
187 
177 
175 
165 
149 


.50 
.60 
.96 
.84 
.84 
.60 
.40 
.80 
.30 
.80 
.30 


Conipartment 

2  Persons 

(Each) 


$233 . 50 
221.60 
213.96 
210.84 
208 . 84 
205 . 60 
203.40 
193.80 
191.30 
181.80 
165.30 


Drawing  Room 

2  Persons 

(Eaoh) 


$261.00 
249.10 
241.46 
238.34 
236.34 
233.10 
230.90 
221.30 
218.80 
209.30 
192.80 


APPLICATIONS 

Those  desirous  of  joining  the  Tour  should  promptly  communicate 
with  Mr.  W.  V.  Lifsey,  Assistant  General  Passenger  Agent,  New  York 
Central  Lines,  1216  Broadway,  New  York  City.  Reservations  will  be 
made  in  the  order  in  which  applications  are  received. 

Members  of  the  Arizona  Section  desiring  accommodations  on  the 
Special  Train  should  communicate  with  Mr.  Arthur  Notman,  Box  400, 
Bisbee,  Ariz. 
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THE  GRAND  CANON 

A  thought  of  God,  on  earth  expressed ! 
The  silence  of  His  perfect  rest; 
The  patience  of  eternal  power; 
The  ceaseless  change  from  hour  to  hour; 
Forms  in  alternate  gloom  and  flame 
That  bide  yet  evermore  the  same, 
And  do  but  wear  such  fitful  guise, 
Reflected  in  our  human  eyes. 
Which  compass  only  in  their  range 
The  things  that  change  or  seem  to  change; 
The  blended  hues  of  heavenly  birth 
Beyond  the  tenderest  tints  of  earth, 
That  fill  and  flood  her  spaces  wide 
With  surges  of  celestial  tide; 
The  beauty  of  that  awful  brink 
Where  meaner  thoughts  in  rapture  sink. 
And  souls  see  clear,  though  eyes  grow  dim, 
While  space  and  time  are  lost  in  Him ! 

Methinks  I  could  not  faint  or  flee 

In  any  conflict  yet  to  be, 

Whatever  pathway  must  be  trod, 

Might  I  but  keep  this  thought  of  God ! 

RossiTER  W.  Raymond. 
July,  1889. 
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DR.  HENRY  STURGIS  DRINKER 

When  the  suggestion  was  made  by  Major  General  Leonard  Wood 
that  the  Institute  assist  in  the  formation  of  a  National  Reserve  Corps  of 
Engineers,  Dr.  Drinker's  name  occurred  first  to  the  Board  of  Directors 
as  the  man  who  would  be  most  capable  of  carrying  out  the  proposed  plan. 
Dr.  Drinker  has  long  been  associated  with  work  in  connection  with  mili- 
tary training  and  is  at  present  the  Chairman  of  the  Governing  Committee 
on  MiUtary  Training  Camps  Association  which  is  having  such  important 
results  at  Plattsburg  and  other  places  in  this  coimtry. 

As  Chairman  of  the  Institute's  Committee  on  National  Reserve  Corps 
of  Engineers,  Dr.  Drinker  was  a  member  of  the  Joint  Conference  Commit- 
tee of  the  National  Engineering  Societies  on  this  subject.  He  was  an 
earnest  worker  in  the  movement  which  has  finally  resulted  in  definite 
legislation  by  Congress  whereby  a  Reserve  Corps  of  Engineers  is  author- 
ized in  the  new  Army  Bill  which  became  effective  July  1,  1916.  Notice 
of  the  results  of  the  work  was  sent  to  all  the  members  of  the  National 
Engineering  Societies  early  in  July,  and  the  War  Department  of  the 
United  States  has  recently  issued  a  circular  which  has  been  sent  to  all 
the  members  of  the  National  Engineering  Societies,  as  well  as  to  many 
other  engineers,  outUning  the  line  whereby  engineers  may  enroll  them- 
selves in  the  Officers'  Reserve  Corps.  Dr.  Drinker  has,  therefore,  ful- 
filled the  mission  which  he  undertook  when  assuming  the  Chairmanship 
of  the  Institute's  Committee.  He  now  asks  the  permission  of  the  Board 
of  Directors  to  withdraw  as  Chairman  and  has  requested  that  he  be 
replaced  in  this  position  by  Mr.  Arthur  S.  Dwight,  in  the  behef  that  the 
Chairmanship  of  the  Institute's  Committee  and  membership  on  the 
Joint  Committee  should  be  vested  in  a  man  located  in  New  York  Gty, 
for  the  better  carrying  out  of  the  important  work  now  before  the  Joint 
Committee.  We  are  happy  to  say  that  Dr.  Drinker  has  consented  to 
remain  a  member  of  the  Institute's  Committee,  but  the  completion  of  the 
first  phase  of  his  work,  as  Chairman,  should  not  be  allowed  to  pass  with- 
out an  expression  of  appreciation  on  behalf  of  the  Institute  for  his  services. 


NOMINATIONS  FOR  OFFICERS 

The  suggestions  of  the  members  of  the  Institute  are  very  much  desired 
by  the  Committee  on  Nominations  prior  to  deciding  upon  its  nominations 
to  fill  the  places  of  those  officers  who  retire  early  in  1917.  The  Com- 
mittee must  make  its  final  report  to  the  Board  of  Directors  early  in 
October.  The  members  are,  therefore,  asked  to  send  in  promptiy  their 
suggestions  for  Directors  as  well  as  for  Vice-Presidents  and  President. 
The  Committee  hopes  to  hear  from  a  large  number  of  the  members. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1917, 
are: 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Con- 
stitution, and  to  By-Law  XIII,  which  reads  as  follows: 

"The  geographical  districts  to  be  considered  by  the  Ck>mmittee  on  Nomin&tionB 
shall  be  as  follows,  until  otherwise  ordered  bv  the  Board. 

District  No.  1.    New  England,  New  York,  and  New  Jersey,  excepting  New  Yoric 
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Ci^  and  district,  which  is  provided  for  in  the  Constitution.  (N.B. — New  York  City 
and  district  is  designated  District  0.) 

District  No.  2.     Pennsylvania. 

District  No.  3.    Ohio,  Indiana,  Illinois,  Iowa,  and  Missouri. 

District  No.  4.     Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  MontansL  North  ftnd  South  Dakota,  Wyoming,  Nebraska, 
Kansas,  Washington,  Oregon,  Idaho,  and  Alaska. 

District  No.  6.     California  and  Nevada. 

District  No.  7.    Utah,  Colorado,  Arizona,  and  New  Mexico. 

District  No.  8.    Louisiana  and  Texas. 

District  No.  9.    Other  Southern  States  and  District  of  Columbia. 

District  No.  10.     Mexico. 

District  No.  11.     Canada." 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  follows: 

"In  making  such  selections  [namely,  the  8  Directors  to  be  elected],  the  Nominating 
Committee  shall,  so  far  as  practicable,  distribute  the  representation  on  the  Board  geo- 
mphically,  so  that  seven  members  shall  be  residents  of  the  district  including  New 
York  City  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  of  the 
Institute,  and  one  member  a  resident  of  each  of  the  geographical  districts  enumerated 
in  the  By-Laws." 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows: 

President,  L.  D.  Ricketts  (not  eligible  for  re-election). 

Past  J^resident,  Benjamin  B.  Thayer. 

Vice-Presidents,  H.  C.  Hoover,  District  6;  Joseph  W.  Richards,  Dis- 
trict 2. 

Directors,  Reginald  W.  Brock,  District  11;  Albert  R.  Ledoux,  Dis- 
trict 0;  D.  C.  Jackling,  District  7;  Charles  W..  Merrill,  District  6;  Henry 
L.  Smyth,  District  1. 

Last  year  an  unusually  large  vote  was  cast  for  officers,  and  it  is  hoped 
that  members  will  show  a  similar  interest  and  activity  in  communicating 
to  the  Committee  their  views  regarding  the  men  best  fitted  to  fill  the 
vacancies. 

Communications  should  be  sent  to  the  Chairman  of  the  Committee 
on  Nominations,  1208  Hollingsworth  Bldg.,  Los  Angeles,  Cal. 

Sebley  W.  Mudd, 

Chairman,  Committee  on  Nominations. 


PROCEEDINGS   OF   THE   MEETING   OF  THE  BOARD    OF 

DIRECTORS,  JULY  26,  1916 

A  special  meeting  of  the  Board  of  Directors  was  held  on  July  25,  1916, 
pursuant  to  notice  duly  given  according  to  the  By-Laws. 

This  special  meeting  was  for  the  purpose  of  giving  authority  for  the 
signing  of  a  contract  with  the  American  Society  of  Civil  Engineers,  as 
mentioned  in  another  place  in  this  Bulletin.  The  interest  in  the  matter 
is  indicated  by  the  attendance  of  11  members  of  the  Board,  some  of  whom 
came  from  a  long  distance. 

An  ijj^vitation  was  received  from  the  St.  Louis  Section  of  the  Institute 
and  from  members  in  and  near  St.  Louis  to  hold  the  115th  Meeting  of  the 
Institute  in  and  near  St.  Louis  in  late  September  or  early  October,  1917. 
This  invitation  was  accepted. 

Announcement  was  made  that  the  Mexican  Institute  of  Mining  and 
Metallurgy  had  been  dissolved  and  reorganized  as  the  Mexican  Section 
of  the  Institute. 
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The  sum  of  $250  was  appropriated  to  the  Nevada  Section. 

The  usual  election  of  members  took  place. 

Resolutions  were  passed  regarding  the  death  of  Charles  Kirchhoff. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

The  American  Society  of  Civil  Engineers,  by  a  vote  of  its  membership 
of  six  to  one,  has  favored  the  acceptance  of  the  invitation  of  the  three 
present  Founder  Societies,  namely,  the  American  Society  of  Mechanical 
Engineers,  American  Institute  of  Electrical  Engineers  and  American 
Institute  of  Mining  Engineers,  to  become  a  fourth  Founder  Society 
and  share  with  the  rest  the  occupancy  of  the  Engineering  Societies' 
Building. 

Fortified  by  this  vote,  the  Board  of  Direction  of  the  American  Society 
of  Civil  Engineers  has  caused  a  contract  to  be  entered  into  between  that 
Society  and  the  present  Founder  Societies  and  the  United  Engineering 
Society. 

Work  has  already  begun  on  adding  three  stories  to  the  Engineering 
Societies'  Building  at  a  cost  not  to  exceed  $250,000.  This  cost  wiU  be 
borne  by  the  American  Society  of  Civil  Engineers,  thereby  nfttking  its 
contribution  approximately  equal  to  that  of  the  other  Founder  Societies. 


PERSONAL 


(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  called  at  Institute  headquarters  during  the 
period  July  10,  1916  to  August  1,  1916: 

W.  A.  Barnes,  San  Francisco,  Cal.  W.  J.  Mead,  Madison,  Wis. 

W.  L.  Bell,  Davenport,  Fla.  Charles  Mentzel,  San  Pedro,  N.  M. 

Tames  P.  Clarke.  Jr.,  Little  Rock,  Ark.  H.  H.  Miller,  New  York,  N.  Y. 

R.  A.  Carhart,  Mitchell,  S.  D.  W.  E.  Pomeroy,  El  Paso,  Tex. 

G.  M.  Colvocoresses,  Humboldt,  Ariz.  M.  K.  Rodgers,  Los  Angeles,  Cal. 

W.  £.  Defty,  Phoenix,  Ariz.  S.  C.  Rodgers,  Guanajuato,  Mex. 
Carl  F.  Dietz,  Worcester,  Mass. 

John  M.  Baker  and  Hamilton  W.  Baker  have  resigned  as  general 
manager  and  mine  superintendent  respectively  of  the  Baker  Mines  Co., 
of  Oregon.  After  Aug.  1,  their  address  will  be  43  Emerson  St.,  Denver, 
Colo. 

Noel  Cunningham  has  opened  an  ofiice  at  200  Fifth  Avenue,  New 
York,  where  he  will  continue  his  work  as  consulting  metallurgical  engi- 
neer. 

George  E.  Parish,  of  New  York,  has  moved  his  western  oflSce  from 
Denver,  Colo.,  to  the  Nevada  Bank  Building,  14  MontgomerySt.,  San 
Francisco,  "Cal. 

Captain  J.  P.  Hodgson,  formerly  mine  superintendent  of  the  Copper 
Queen,  is  now  acting  in  a  consulting  capacity  in  the  mining  department 
of  Phelps,  Dodge  &  Co. 
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William  F.  Jahn,  formerly  mill  superintendent  for  the  New  York  and 
Honduras  Rosario  Mining  Co.  at  San  Juancito  Honduras,  has  accepted 
a  position  as  mill  superintendent  for  the  Tough-Oakes  Gold  Mines, 
Limited  at  Kirkland  Lake,  Ontario,  Canada. 

Barnard  MacDonald  has  moved  his  office  from  Los  Angeles  to  Mills 
Bldg.,  El  Paso,  Tex. 

H.  E.  Najarian  has  accepted  a  position  with  Bradley  BrufiF  &  Lakarthe 
of  San  Francisco,  and  is  employed  on  designing  work  at  the  new  smelter 
of  the  Missouri  Cobalt  Co.  at  Fredericktown,  Mo. 

Fred  S.  Porter  has  accepted  a  position  with  the  Canadian  Klondike 
Mining  Co.,  Dawson,  Yukon  Territory. 

R.  W.  Schultz,  formerly  with  the  Mond  Nickel  Co.,  has  become 
associated  with  the  Minerals  Separation,  Ltd. 

Gerald  Sherman  is  now  general  superintendent  of  the  mine  depart- 
ment of  the  Copper  Queen. 

J.  Frank  Sinclair,  general  foreman  of  the  lower  divisions  of  the  Copper  * 
Queen,  has  been  promoted  to  the  position  of  superintendent  of  those 
divisions. 

F.  W.  Traphagen  has  designed  as  professor  of  metallurgy  at  the  Colo- 
rado School  of  Mmes  and  is  now  president  of  the  Colorado  Metal  Mining 
&  Reduction  Co. 

Felix  E.  Wormser  is  now  with  the  Snake  River  Mining  Co.,  Hunting- 
ton, Ore. 

Pope  Yeatman,  Mining  Engineer,  of  120  Broadway,  New  York,  N.  Y. 
will  resume  independent  practice  on  Sept.  1,  1916. 


POSITIONS  VACANT 

Engineer  to  take  charge  of  construction  of  smelter  and  mill.  Expe- 
rience with  blast  furnaces,  roasters,  belt-conveying  systems  and  general 
machinery,  essential.  Salary  $250  per  month  up  according  to  experience. 
No.  129. 

Mine  Engineer. — Man  with  experience,  ability  and  initiative  wanted 
to  handle  an  organization,  direct  sampling,  surveying,  mapping  and 
record  keeping.  Experience  in  laying  out  development  work,  haulage- 
ways,  shaft  pockets  and  ore-handUng  systems,  particularly  desired. 
No.  130. 

Recent  technical  graduate  for  experimental  work  with  a  metal  refining 
company.  Laboratory  work  first  to  acquaint  worker  with  methods,  then 
research  work.  Good  opportunity  for  advancement.  Beginning  salary 
$100  a  month.    No.  132. 

Mine  superintendent.  Man  of  experience  and  energy  wanted  in 
mine  being  developed  to  produce  5,000  tons  of  iron-ore  per  day  from  open- 
cut  and  underground.  About  to  start  underground  operations.  Expect 
to  follow  methods  of  low-grade  copper  mines  of  Southwest.    No.  133. 

3 
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Two  fellowships  for  metallurgical  research  have  been  established  by 
the  University  of  Idaho.  Each  fellowship  carries  $600  per  annum. 
No.  134. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  Cornell  M.  E.,  aged  31,  married.  Will  soon  complete  2 
years'  engagement  in  the  Russian  oil  fields.  Eight  years'  practical  ex- 
perience in  drilling  for  and  producing  oil.  Can  speak  Russian  fluently 
and  some  French  and  German.  Open  for  engagement.  Interview  after 
August  15,  in  the  United  States.    No.  299. 

Member,  technical  graduate,  who  has  specialized  in  the  treatment  of 
gold  and  silver  ores,  desires  position  as  mill  superintendent  or  foreman; 
7  years'  practical  experience.  Highest  references  as  to  character  and 
ability  to  get  results.    No.  307. 

Member,  graduate  mining  engineer.  Married.  Age,  38.  -  For  past 
6  years,  general  superintendent  of  large  silver  mine  in  Mexico.  Desires 
connection  with  responsible  mining  company,  preferably  in  the  United 
States.  Has  had  15  years'  experience  in  the  United  States  and  Mexico, 
including  mine  engineering,  sampling,  examinations,  milling  and  mine 
superintendence.    No.  312. 

Member,  specialist  in  the  mining  and  reduction  of  quicksilver  ores, 
open  for  engagement  Sept.  1.  19  years'  experience.  14  years  as  Super- 
intendent and  Manager.    Aged  39,  married.    No.  313. 

Metallurgist,  4  years'  experience  in  electric  furnace  operation  on 
steel,  ferro-alloys  and  smelting  of  ores,  both  practical  and  research, 
desires  position  as  metallurgist  or  superintendent.     No.  314. 

Member,  aged  44  years,  superintendent  of  coal  mines  for  13  years  and 
of  coke  ovens  for  4  years,  desires  to  locate  in  altitude  of  less  than  3,000 
ft.    No.  315. 

Member,  technical  mining  graduateu  5  years'  experience  in  coal  and 
metal  mines  and  construction  work.  Married.  Aged  27.  Employed  at 
present.     Interview  in  Salt  Lake  City  or  Denver.     No.  316. 

Member,  technical  graduate,  15  years'  experience  in  engineering  and 
mining  in  Western  States,  desires  position  as  manager  or  superintendent. 
Age,  38.     Married.    Excellent  references.  No.  317. 

Member,  American,  aged  39,  married,  desires  position  as  superin- 
tendent or  mine  superintendent.  14  years'  experience  in  opencut  and 
underground  work.  12  years'  Spanish,  Portugese,  Cuban  and  Mexican 
labor.  Fluent  Spanish.  Good  training  in  first  aid  and  safety  first. 
Specialty  of  high  explosives  and  steam-shovel  work.  Good  costs.  Go 
anywhere,  but  tropics  preferred.  References.  Interview — New  York 
or  Philadelphia.     No.  318. 
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LOCAL  SECTION  NEWS 

MONTANA  SECTION 

J.  L.  Bruce,  Chairman 

W.  C.  Siderfin;  Vice-chairman 

Walter  E.  Gaby,  Secretary-Treasurer,  834  W.  Granite  St.,  Butte,  Mont. 
N.  B.  Braly  W.  T.  Burns 

A  special  meeting  of  the  Directors  of  the  Montana  Section  was  held  on 
July  24,  1916,  with  W.  C.  Siderfin,  Vice-Chairman,  presiding. 

The  meeting  was  called  for  the  purpose  of  electing  a  Secretary- 
Treasurer  to  fill  the  vacancy  created  by  the  resignation  of  M.  H.  Gidel. 

Upon  proper  motions,  the  resignation  of  M.  H.  Gidel  was  accepted, 
and  Walter  E.  Gaby  was  elected  to  fill  the  office  for  the  balance  of  the 
fiscal  year. 

No  further  business  was  transacted,  and  upon  motion  the  meeting 

adjourned.  Walter  E.  Gaby,  Secretary, 


SOUTHERN  CALIFORNU  SECTION 

m 

C.  Colcock:  Jones,  Chairman 
Alvin  B.  Carpenter,  Vice-Chairman 

# 

P.  J.  H.  Merrill,  Secretary-Treasurer,  216  Union  League  Building, 

Los  Angeles,  Cal. 

A.  B.  W.  Hodges  .  E.  A.  Montgomery 

R.  A.  Perez  W.  F.  Staunton 

The  Annual  Meeting  of  1916  was  held  on  June  28,  at  7 :  30  p.  m.  There 
were  present  the  Messrs.  A.  B.  Carpenter,  A.  B.  W.  Hodges,  F.  J.  H. 
Merrill,  Seeley  W.  Mudd,  R.  A.  Perez,  and  A.  J.  Underwood.  The 
Chairman,  Mr.  Mudd,  presided. 

The  Secretary  read  the  minutes  of  the  annual  meeting  of  1915,  and  of 
the  meeting  of  September  28,  1915,  as  well  as  of  the  last  meeting  of  the 
Executive  Committee  of  May  25,  1916.  On  motion  these  minutes  were 
ordered  approved  as  read. 

The  Secretary-Treasm-er  then  read  his  reports  for  the  past  year,  and  it 
was  voted  that  these  reports  be  approved  and  entered  in  the  minute  book. 

A  vote  of  thanks  was  given  to  the  Chairman  and  the  Secretary-Treas- 
urer for  their  work  during  the  year  just  past. 

The  amendment  to  Article  III  of  the  By-Laws,  announced  in  the 
notice  of  the  Annual  Meeting,  was  put  to  vote  and  unanimously  carried. 

The  Secretary  read  the  minutes  of  the  meeting  of  the  Nominating 
Conimittee  on  May  31,  and  announced  the  result  of  the  annual  election 
as  indicated  above. 

After  discussion  of  plans  for  attending  the  Arizona  meeting,  the  meet- 
ing adjourned. 

F.  J.  H.  Merrill,  Secretary. 
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LIBRARY 

American  Institute  of  Electrical  Engineers 

American  Society  of  Mechanical  Engineers 

« 

American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  Sept.  1  to  June  30,  and 
from  9  A.M.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodical  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  wiU  receive  special  attention.  The  Library 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and^  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase  or 
personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 

Partial  List  Classified  by  Subjects 

Mining  and  Metallurgy 

Coal,  Its  Economical  and  Smokeless  Combustion.  By  J.  F.  Cosgrove.  Phila- 
delphia, 1916. 

Coke  Oven  Accidents  in  the  United  States  during  the  Calendar  Year  1915. 
Technical  Paper  151,  U.  S.  Bureau  of  Mines,  Washington,  1916. 

Mine  Sampling  and  VALinNG.     By  C.  S.  Herzig.    San  Francisco,  1914. 

Technology  of  Marble  Quarrying.  Bulletin  106,  U.  S.  Bureau  of  Mines,  Wash- 
ington, 1916. 

Chemistry  and  Microscopy 

Hands ttcH  der  Physikalisch  Chemischen  Technik  fCr  Forscher  und  Techni- 
KER.     By  Kurt  Amdt.     Stuttgart,  1915. 


J 
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Microscopical  Determination  of  the  Opaque  Minerals.    By  Joseph  Murdoch. 
New  York,  J.  Wiley  &  Sons,  1916.     (Gift  of  publisher.)     Price  $2.00. 
[Note. — Treats  of  the  technique  of  mineral  examination  by  treatment  with 
various  reagents  imder  the  microscope.    Ingeniously  arranged  tables  are  provided. 
W.  P.  C.l 

and  Mineral  Resources 

CmLE.    1915.     (Gift  of  Eduardo  Carrasco.) 

Limestones  and  Marls  of  the  Coastal  Plain  of  Georgia.  A  report.  Bulletin 
21,  Georgia  Geological  Survey.    Atlanta,  1916. 

Zircon,  Monazitb  and  Other  Minerals  Used  in  the  Production  of  Chemical 
Compounds  Employed  in  the  Manufacture  of  Liohtinq  Apparatus.  Bulle- 
tin 25,  North  Carolina  Geological  and  Economic  Survey.     Raleigh,  1916. 

Power 

Balancing  of  Engines,  Steam,  Gas  and  Petrol.    By  Archibald  Sharp.     New 

York,  1907. 
Power  Transmission  by  Leather  Belting.     By  R.  T.  Kent.     New  York,  J. 

Wiley  &  Sons,  1916.     (Gift  of  Publisher.)     Price,  S1.25  net. 
[Note. — Belting  practice  has  changed  greatly  in  the  past  fifteen  years.     Tlie 
literature  is  buried  in  the  transactions  of  engineering  societies  and  in  technicaf  jour- 
nab.    This  book  seeks  to  gather  this  into  a  compilation  of  the  greatest  service  to  the 
iiaer  of  belting.     W.  P.  C.J 

General 

Aircraft  in  Warfare.     By  F.  W.  Lanchester.     New  York,  1916. 

The  Authentic  History  op  the  United  States  Steel  Corporation.     By  Arundel 

Cotter.     New  York,  Moody  Magazine  &  Book  Co.,  1916.     (Gift  of  publisher.) 
[Note. — The  author  admits  a  prejudice  in  favor  of  the  corporation.     It  is  an 
interesting  contribution  to  industrial  history.     W.  P.  C] 
Biography  of  Augusts  Daubr^e.    June  25,  1814-May  29,  1896.     (Gift  of  Miss  F. 

Daubr6e.) 
Business  after  the  War.     By  G.  E.  Roberts.     New  York,  1916.     (Gift  of  National 

City  Bank.) 
Engineer's  Year  Book,  1916.     By  H.  R.  Kempe.    London,  1916. 
The  Legacy  of  the  Exposition.     Interpretation  of  the   Intellectual  and 

Moral  Heritage  Left  to  Mankind  by  the  World  Celebration  at  San 

Francisco,  1915.     San  Francisco,  1916.     (Gift  of  Panama  Pacific  International 

Exposition  Co.) 

Company  Report 

Tbmiskaming  and  Northern  Ontario  Railway,  Mining  Industry  in  that  Part 
op  Northern  Ontario  served  by.  1915.  Toronto,  1916.  (Gift  of  Temis- 
kaming  and  Northern  Ontario  Railway.) 

'  Trade  Catalogs 

The  Allen  Cone  Co.,  El  Paso,  Texas.     Description  of  Allen  Cone  for  classifying, 

tube  milling,  etc. 
CmcAoo  Pneumatic  Tool  Co.,  Chicago,  111.     Bulletin  E-41.     Duntley  electric  tools 

for  street  and  interurban  railways.     1916. 
CmcAoo  Steel  Tape  Co.,  Chicago,  111.     Price  list.     1916. 
iNQBRaoLL  Rand  Co.,  New  York,  N.  Y.     Form  9024.     Steam  condensing  plants. 

June,  1916. 
National  Transit  Pump  and  Machine  Co.,  Oil  City,  Pa.     Bulletin  502.     Horizontal 

oil  engines. 
WisDBEF,  Gubtay  &  Co.,  Dayton,  O.     Catalog  No.  48.     Ideal  tube  expander  and 

cutter.     1916. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  July  10,  1916,  to  July  31,  1916: 

BoTD,  Robert  Russell Supt.,  'Arizona  Commercial  Min.  Co..  Globe,  Arix. 

Brai>let,  Henbt  Franklin,  Chem.,  American  Smelt.  &  Ref.  Co.,  Murray,  Utah. 

Brown,  Thomas  Ellis,  Jr 55  Hill  St.,  Morristown,  N.  J 

CARr,  Webster  P.,  Expert  Operator,  General  Engineering  Co., 

Salt  Lake  City,  Utah. 

Clark,  Alonzo  Webster 2222  Scottwood    Ave^  Toledo,  Ohio. 

Corp,  Clifford Old  Dominion  Copper  Min.  &  Smelt.  Co.,  Globe,  Arii. 

Crombie,  W.  Ransom,  Min.  Engr Detroit  Copper  Min.  Co.,  Morenci,  Arix. 

Delanet^ugene  a.,  Chief  Engr.,  Berwind-White  Coal  Mining  Co.,  Windber,  Pa. 
Elbelt,  William  Henry,  De|)t.  Foreman.,  Chino  Copper  Co.,  Hurley,  N.  Mex. 
Foster,  L.  Juuo,  Mgr.,  Minas  i  Fundicion  "La  Junta,"  San  Bernardo,  Chile, 

South  Ainerica. 
Gaskill,  James  PmLUPS,  Genl.  Mgr.,  Ajo  Cons.  Copper  Co.,  Ajo,  Ariz., 

via  Gila,  Arix. 
Hats,  Fred  N.,  Asst.  Steam  Engr.,  Carnegie  Steel  Co.,  Farrell  &  Sharon  Works, 

Sharon.  Pa. 

Hood,  Karl  Kedzib,  Min.  Engr American  Zinc  Co.,  Mascot,  Tenn. 

Johnson,  Ernest  C,  Prest.  &  Treas.,  Johnson  Engineering  Works. 

First  Rational  Bank  Blag.,  Chicago,  IlL 
Kniffin,  Lloyd  Malcolm,  Asst.  Supt.,  United  States  Metals  Ref.  Co., 

East  Chicago,  IiuL 
Knowles,  Benjamin  Wallis,  Min.  Engr.,  Hedley  Gold  Mining  Co., 

Hedley,  B.  C,  Canada. 

Labbe,  Armand  Loins Chem.,  American  Smelt.  &  Ref.  Co.,  Murray,  Utah. 

Lang,  Sidney  A.,  Min.  Engr.,  Braden  Copper  Co.,  Rancagua,  Chile^  South  Ainerica. 

Lees,  John  W Genl.  Supt.,  Inland  Steel  Co.,  Indiana  Harbor,  Ind. 

Leopold,  F.  N 40  North  Dearborn  St.,  Chicago,  HI. 

McAfee,  Dan  Shields,  The  Dorr  Company.  17  Battery  PL  New  York,  h.  Y. 
McClain,  Henry  G.,  Genl.  Supt.,  Liberty  Bell  Gold  Min.  Co.,  Telluride,  Colo. 

Marshall,  Albert  E.,  Chemical  Engr Box  75,  SparkiU,  New  York,  N.  Y. 

MiLUOAN,  William  Edgar,  Chem.,  Braden  Copper  Co.,  Rancagua,  Chile, 

South  America. 
Moses,  Frederick  Gallaway,  Flotation  Engr.,  General  Engineering  Co., 

159  Pierpont  St.,  Salt  Lie  City,  Utah. 

Newby,  Jerry  B.,  Oil  Geol Gypsy  Oil  Co.,  Box  B,  Tulsa,  Okla. 

Palmer,  Edgar,  Pres.,  New  Jersey  Zinc  Co..  65  Wall  St.,  New  York,  N.  Y. 
Pattinson,  Reginald  Lancaster,  Producer  of  Natural  Gas  and  Petroleum, 

29  5th  St.,  Chatham,  Ont.,  Canada. 
Rathbun,  R.  B.,  Asst.  Research  Engr.,  American  Smelt.  &  Ref.  Co.,  Murray,  Utah. 
Rigby,  William  Arthur,  Chief  Engr.,  Witherbee,  Sherman  &  Co.,  Mineville, 

Essex  Co.,  N.  Y. 

Sargent,  Arthur  E.,  Met.  Engr '^^^j  ^*  ^^' 

ScHiMERKA,  Francis  S.,  Met.  Chemist Shannon  Copper  Co.,  Olif ton,  Arix 

Stowell,  George  Elwin,  Instructor  in  Mining,  Oregon  A^icultural  College, 

Minmg  Dept^  Corvsulis,  Ore. 

Street,  Lloyd  G.,  Met.  Engr Mineral  Point  Zinc  Co.,  Depue,  lU. 

Thayer,  Warren  N.,  Prof,  of  Greology,  Ohio  Mechanics  Institute,  Cincinnati,  Ohio. 
Thompson,  David  P.,  Asst.  Genl.  Supt.,  Inland  Steel  Co.,  Indiana  Harbor,  Ind. 

TiTZELL,  George  Graham,  Jr 110  So.  First  St.,  Duqueene,  Pa. 

Velasco,  Louis  Ibanez,  Engr Lehigh  Coal  and  Navigation  Co.,  Lansford,  Pa. 

Ward,  Howard  Ridgely,  Min.  Engr.,  American  International  Corpn., 

120  Broadway,  New  York,  N.  Y. 
Wardell,  John  Wilfrid,  Mech.  and  Const.  Engr.,  Spassky  Copper  Mine.  Ltd.* 

Spassky  Zavod.  Karagandy,  Alunolinak  Dist.,  Siberia. 
WiLUAMS,  Michael  Thomas,  Genl.  Mgr.,  Eona  M^  Gold  Min.  Co., 

N.  L.,  Westonia,  Western  Australia. 
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Junior  Members 

Ambleb,  Harrt  a.,  Student 4050  Russell  Ave.,  St.  Louisi  Mo. 

Andebson,  Barclay  Gladstone,  Asst.  in  Geol.  Dept.,  Burro  Mountain  Copper  Co., 

Tyrone,  N.  Mex. 
BicKXELL,  Harold  Lewis,  Furnace  Operator,  Snyder  Electric  Furnace  Co.. 

324  N.  Grove  Ave.,  Oak  Park,  111. 

DiEPENDERFER,  A.  J 34  North  Oakland  Ave.jSharon,  Pa. 

FiNKELDET,  WiLUAM  H.,  Miu.  Engr.,  Compania  Minera  y  de  Fomento  Watkins, 

Fomento,  Prov.  Santa  Clara,  Cuba. 

Levt,  Milton*  Mortimer .1  Vernon  Apts.,  Salt  Lake  City,  Utah. 

Miller,  Rot  Harrison,  Milling ....  Anaconda  Copper  Min.  Co.,  Anaconda,  Mont. 
MiLTKo,   Alexander,   Asst.    Geol.,   Producers  Oil  Co.,  Box  75,   Houston,   Tex. 

Petzel,  Charles  L.,  Student Columbia  University,  New  York,  N.  Y. 

Walter,  Alphons  R.,  Learner  of  concentrating  plant,  Bethlehem  Steel  Co., 

So.  Bethlehem,  Pa. 
Wobmser,  Felix  E P.  O.  Box  156,  Snake  River  Mines  Co.,  Huntington,  Ore. 

Total  Membership,  July  31, 1916 6,664 

Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.    On  the  other  hand,  it  is  not  desirable  that 

Sersons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified, 
lembers  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glancing 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Membership, 
or  the  Secretary  of  the  Institute^  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

Members 

The  following'  persons  have  been  proposed  during  the  period  July  10, 
1916  to  July  31,  1916,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential  com- 
munications, favorable  or  unfavorable,  concerning  these  candidates.  A 
suflScient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

Hans  Claudius  Anchor,  So.  Porcupine,  Ont.,  Canada. 

Proposed  by  H.  P.  De  Pencier,  J.  Ralph  Scott,  C.  E.  Rodgers. 

Bom  1857,  Hasle,  Bomholm,  Denmark.  Attended  Public  School  in  Denmark  up 
till  1871.  Studied  under  mv  Father  at  Coal  Mine  (Lignite).  Island  of  Bomholm,  till 
1874.  1875-76,  Mining  and  railroad  construction.  Comstock,  Nev.  Learned  assay- 
ing for  the  common  metals,  1877.  1877-85,  Worked  in  different  mines  through  the 
State  of  Nevada.  1885-86,  Black  Jack,  Silver  City,  Ida.  1887-97,  De  Lamar,  Ida. 
1897-98,  Twin  Devils,  Ida.  (copper).  1898-1902,  Boise  Basin,  Ida.  (gold).  1902-05, 
Bully  Hill,  Cal.  (copper).  1906-07,  Hermoza  Copper  Co.,  N.  Mex.  1908-10, 
Traveling,  mostly  examining  prospects.  1910,  Sampled  and  outlined  orebody  Dome 
Mines,  So.  Porcupine. 

Present  position:  Charge  of  Developments,  Dome  Extension  Mines  Co.,  Ltd. 

Edward  Otto  Forster  Brown,  London^  E.  C,  England. 

Proposed  by  M.  C.  Scheble,  Edgar  Rickard,  H.  Foster  Bain. 

Bom  1881,  Cardiff,  Great  Britain.  1895-1900,  Winchester  College.  1900-05, 
Training  mainly  at  colueries.  1905,  Obtained  first  class  Mine  Managers'  Certificate. 
1905-07,  Inspecting  collieries  and  mines,  8.  Africa,  China,  Japan,  United  States, 
(Canada.  1908-12,  Cons.  Engr.,  7  Cohring  Cos.  in  Coahuila,  Mex.,  and  reporting  in 
coal  fields  in  British  Columbia  and  Pennsylvania. 

Present  position:  Managing  and  Cons.  Engr.,  for  a  niunber  of  coal  mines  in  Kent, 
S.  Wales,  N.  Wales  and  Wolpam  Mines  in  Spain. 
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Gilbert  Haven  Cady,  Urbana,  HI. 

Proposed  by  J.  N.  Ede,  Thomas  T.  Read,  William  H.  Shearman. 

Bom  1882,  Chicago,  El.  1905,  Northwestern  Univ.,  A.  B.  1907-08,  Graduate 
student  in  Geology,  Northwestern  Univ.  1909-10,  Graduate  student  in  Geolofly, 
Yale  Univ.  1911-12,  Graduate  student  in  Geology,  Illinois  Univ.  1912-13,  Gradu- 
ate student  in  Geolo^,  Chicago  Univ.  1907-16,  Member  of  the  staff  of  the  Illi- 
nois Geol.  Survey  with  rank  of  Geologist  since  1914.  Have  been  in  continuous 
employment  on  the  survey  since  1914.  Have  especial  charse  of  the  coal  investiffations 
and  have  prepared  two  published  reports  on  Illinois  Coal  Districts — ^Longwell  Dis- 
trict and  Jefferson,  Franklin  and  Williamson  Coimties  District — and  have  other 
reports  in  preparation.  Have  also  presented  for  publication  manuscripts  for  two 
U.  S.  Geol.  Survey  folios  concerning  West  Frankfort-Galatia  quadrangles  and  Henne- 
pen  La  Salle  quadrangles.  1913-14,  Instructor  in  Geology,  Northwestern  Univ. 
Am  a  member  of  the  U.  S.  Geol.  Survej  with  rank  as  Asst.  Geol. 

Present  position:  Geologist,  Ulinois  Geol.  Survey. 

H.  T.  Chen,  Yunnan  Prov.,  Yunnan,  China. 

Proposed  by  Geo.  O.  Scarfe,  Robert  H.  Bedford,  A.  D.  Foote. 

Bom  1878,  Hunnan  Prov^  China.  Attended  Schools  in  China,  and  Japan. 
Berkeley  High  School.  1911,  Univ.  of  Cal.,  College  of  Mining  B.  S.  1911,  winter, 
1912,  sprine,  was  the  director  of  Industrial  Dept.  of  Hunnan  Prov.  1912,  summer, 
engaged  to  oe  Asst.  Engr.,  Yimnan  Tin  Trading  Co.  1913,  springy  was  promoted  to 
be  Engr.  in  Chief  of  Yunnan  Tin  Trading  Co.  The  works  are  entirely  modem,  con- 
taining 52  washing  tables  and  6  reverberatory  furnaces. 

Present  position:  Engr.  in  Chief,  Yunnan  Tin  Co. 

Charles  L.  Constant,  New  York,  N.  Y. 

Proposed  by  H.  W.  Hardinge,  Ronald  Clark,  R.  B.  T.  Kiliani. 
Bom  185^  Cincinnati,  O.     1877,  Grad.  from  School  of  Mines,  Columbia,  as  Civ. 
and  Min.  En^. 

James  Belcher  Etherington,  Winthrop,  Mass. 

Proposed  by  D.  A.  Lvon^  Obver  C.  Rabton,  C.  A.  Wright. 

Bom  1851,  Nova  Scotia.  1865,  Mixed  Schools  in  Nova  Scotia.  1872,  Miss 
Boynton's  Private  School,  Lynn.  Mass.  1873,  Bryant  and  Stratton  Commercial 
School,  Boston.  1874-79,  Bookteeper  for  Oscar  F.  Howe,  Woodenware,  Boston, 
Mass.  1881-92,  Dealer,  Mfgr.  &  Exporter,  Manufactures  of  Wood,  firm  of  J.  B. 
Etherington  &  Co.,  Boston.  1892-98,  Mfgr.  of  hardwood  lumber,  Bradford,  Pa., 
firm  of  Bradford  Hardwood  Lumber  Co.  Since  1901,  have  been  active  principally  in 
magnetic  separation  of  ferruginous  ores.  Knowledge  of  the  subject  gained  chieflv 
through  study  of  Encyclopedia  Brittanica  and  through  association  with  Dr.  CampbeU, 
Dr.  S.  P.  Sharpies.  Boston,  and  various  others  in  the  sine  business  in  the  United 
States,  Canada  ana  Belgium. 

Present  position:  Zinc  Concentrating  Co.,  Boston,  Mass. 

Julio  F.  Fernandez,  Manzanillo,  Cuba. 

Proposed  by  Louis  F.  Chibas,  E.  Chibas,  Tl^omas  T.  Read. 

Bom  1882,  Havana.  1906-10,  Asst.  Engr.,  Public  Works  Dept.  1910-12,  Chief 
Engr.  of  Manzanillo  Water  and  Light  Co.  1  made  the  project  of  Manzanillo  Water 
Work.  Have  been  the  Concessionary.  Studied  in  Spam,  Zaragozo  UniverBity. 
Afterward  in  Cuba  by  correspondence  with  American  School  of  Correspondence  of 
Chicago,  111.  1912-14,  I  made  the  Manzanillo  project  of  city  pavementTjSO  miles  of 
concrete,  and  at  the  same  time  the  studies  of  Manzanillo  and  Wignero  R.  K.,  52  miles. 
I  am  the  Promoter  and  the  Director.  1914-16,  I^omoter  and  studies  of  Manzanillo 
Electrical  Traction  Co.  In  this  moment  I  am  exploiting  two  copper  mines  in  Man- 
zanillo and  am  Promoter  of  the  Manzanillo  Mines  Copper  Co. 

Present  position:  Director  and  Promoter  of  all  foregoing  work. 

Rollins  Sanders  Foster,  Butte.  Mont. 

Proposed  by  C.  W.  Goodale,  F.  A.  Linforth,  B.  B.  Thayer. 

Bom  1885,  Montana.  1900-03,  Montana  State  School  of  Mines.  1904.  Univ.  o^ 
Cal.  1905-07,  Miner,  sampler  and  timekeeper,  Gagnon  Mine  for  C.  Gr.  Adami. 
1907-11,  Asst.  Surveyor  ancf  Shift  boss,  North  Butte  Min.  Co.  1911-13,  Prospector, 
Belgian  Congo,  Soci^t6  Foresti^re  et  Mini^e  du  Congo.  1914-15,  Miner  and  ^lift 
boss.  Anaconda  Copper  Min.  Co.-  1915-16,  Asst.  Safety  Engr.  and  Safety  Engr-i 
Anaconda  Copper  Mm.  Co. 

Present  position:  Safety  Engr.,  Anaconda  Copper  Min.  Co. 
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G.  v.  FotttZy  Minas  de  PonupOi  La  Maya,  Oriente,  CXiba. 

Proposed  by  Charles  F.  Rand,  E.  Aguuera,  Pedro  Aguilera. 

Bom  1893,  Mason-Dixon,  Pa.  1911,  Waynesboro,  Pa.,  High  School.  1915, 
Peon^lvania  State  College,  B.  S.,  Industrial  Chemistry.  1915,  Aetna  Explosives  Co., 
Emporium,  Pa.^  Cam^e  Steel  Co.,  Duquesne,  Pa.,  Aguilera  A  Co.,  Santiago  de  Cuba. 

Present  position:  Chemist. 

Walter  Irving  Garms,  Hayden,  Ariz. 

Proposed  by  Louis  8.  Cates,  D.  D.  Moffat,  William  T.  MacDonald. 

Bom  1886,  San  Franciso,  Cal.  1900-05,  Technical  course  in  Cal.  School  of  Mech. 
AMj  San  Francisco.  1905-10,  Univ.  of  Cal.,  B.  S.  in  College  of  Mining.  1907. 
Minmg,  South  Eureka  Min.  &  Mill.  Co.,  Sutter  Creek,  Cal.  1910,  Sampling  ana 
Geology,  Ray  Cons.  Copper  Co.,  Ray,  Ariz.     1911-16,  Milling  and  construction. 


ueoiogy,  ±Cay  Uons.  Uwper  Uo..  m 

Ray  Cons.  Copper  Co.,  Hayden^  Ariz. 

Present  position:  Cxeneral  Mill  Foi 


position:  General  Mill  Foreman,  Ray  Cons.  Copper  Co. 

George  WHliam  Hain,  Lansford,  Pa. 

Proposed  by  Edwin  Ludlow,  W.  G.  Whildin,  J.  B.  Warriner. 

Bom  1886,  Tremont,  Pa.  1909,  Lehigh  Univ.,  E.  M.  1909-12,  Min.  Engr., 
Juragua  Iron  Co.,  Santiago  de  Cuba.  1912-15,  Mgr.,  West  Virginia  Engrg.  Co., 
Fairmont,  W.  Va. 

Present  position:  1915  to  date,  Asst.  to  Dist.  Supt.,  Lehigh  Coal  and  Navigation 
Co. 

Daniel  R.  Hull,  Kenosha,  Wis.  , 

Proposed  by  Milo  W.  Krejci,  John  H.  Klepinger,  E.  S.  Bardwell. 
Bom  1888,  Southington,  Conn.     1908-11,  Sheffield  Scientific  School,  Yale  Univ. 
1911-16,  Met.  Chemist,  Kenosha  Branch,  American  Brass  Co. 
Present  position :  American  Brass  Co. 

Arthur  D.  Enowlton,  Salt  Lake  City,  Utah. 

Proposed  by  David  Lemmon,  L.  O.  Howard.  J.  H.  Winwood. 

Bom  1881,  Tooele  Co..  Utah.  1903,  Univ.  of  Utah,  B.  S.  in  Min.  Engrg.  190»-05, 
with  State  Eimneer,  Utah.  1905-07,  with  Citv  Engineer,  Salt  Lake  Citv.  1907-16, 
Min.  Engrg.,  U.  S.  Mineral  Surveyor,  Utah  and  Nevada.  1916,  Cons.  Engr.,  Boston 
Development  Co. 

Present  position:  Engr.,  Boston  Development  Co. 

Ray  P.  McGrath,  San  Francisco.  Cal. 

Proposed  by  Frederick  K.  Copeland,  Stillman  Batchellor,  Edward  JQssen. 

Bom  1883,  Stratford,  N.  H.  1906.  Dartmouth  College.  1906,  worked  for 
Sullivan  Machinery  Co.  Have  been  witn  this  company  since  that  time  acting  as  a 
sales  engineer,  testmg,  installing  and  selling  mining  machinery. 

Present  position:  Dist.  Mgr.,  Sullivan  Mach.  Co. 

Wni  E.  McKee.  Warren,  Ariz. 

Proposed  bv  John  C.  Greenway,  Ira  B.  Joralemon,  W.  B.  Gohring. 

Bom  Teppreanor  Co.,  Ind.,  1866.  1890,  Univ.  of  HI.,  B.  S.  in  Mech.  Engre. 
1890-91,  Draughtsman,  Link  Belt  Mach.  Co.  1891-92,  A.  L.  Ide  &  Son,  Springfield, 
lU.  1892-93,  Constmction,  Pabst  Brewing  Co.  1894,  Engr.,  Sanger  Bros..  Dallas, 
Tex.  1895-96.  Cons.  Engr.,  E.  F.  Osbora,  Chicago.  1897-1906,  Master  Mechanic, 
Cleveland  Cliffs  Iron  Co^  Ishpeming,  Mich. 

Present  position:  1905  to  oate,  Supt.  Machinery,  Calumet  &  Arizona  Mining  Co. 

John  Henry  Miles,  Trinity  Center,  Cal. 

Proposed  by  Benjamin  F.  Tibby,  Harry  L.  Mead,  Frank  E.  Johnson. 

Bom  1882,  Calumet,  Mich.  Butte  Grammar  School.  Four  years,  Butte  Busi- 
ness College.  1905-07,  Supt.  construction,  Boston  Machine  Shop  Co.,  Oroville,  Cal. 
1907-11,  Master  mechanic,  Yuba  Cons.  Gold  Fields  Dredging  Co.,  Hammonton,  Cal. 
1911-13,  Supt.  of  Dredge  Folsom  Division,  Natomas  Cons,  of  Cal.  1913-16,  Genl. 
Supt,  Boston  and  Idaho  Gold  Dredging  Co.,  Idaho  City,  Ida. 

Present  position:  Genl.  Supt.,  Alta  Bert  Grold  Dredging  Co. 

Henmann  WUhelm  Paul,  Yokohama,  Japan. 

Proposed  by  Walter  A.  Schmidt,  L.  D.  Ricketts,  Thomas  T.  Read. 

Bom  1878,  Weddingen,  Germany.  1904,  Engr.,  Freiberg  in  Saxony.  1905-06, 
Borhumer  Verein  fUr  Bergben  imd  GusstahlfabrLkation,  Borhum  in  Westphalia,  as 
Chemist.      1906-09,  technical  expert  for  their  Mining,  Metallurgy  and  Ore  Business, 
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Otto  Reimers  &  Ck).,  Yokohama,  Japan.  1010,  Metallgesellscbaft,  Frankfort  and 
Telge  and  Schroeter,  Shanghai,  China,  for  their  Mining  and  Ore  Business  in  China. 
1911-12,  Otto  Reimers  &  Co.,  Yokohama,  Japan. 

Present  position:  Min.  and  Met.  Engr.  Kepresentation  of  the  Metallgesellschaft 
and  the  Metallbank,  Metallurgische  geselmchaf t.  Frankfort,  for  Japan,  and  of  the  Inter- 
national Precipitation  Co.,  Los  Angeles,  Cal.,  tor  Japan. 

Francis  Stuyvesant  Peabody,  Chicago,  111. 

Proposed  by  Charles  H.  MacDowell.  Robert  W.  Hunt,  Carl  Scholz. 
Bom  1859,  Chicago,  111.     1881,  Grad.,  Sheffield  Scientific  School,  Ph.  B.    Mining 
coal  20  years. 

Present  position:  Pres.,  Peabody  Coal  Co. 

H.  J.  D.  Penhale,  Oruro.  Bolivia,  S.  Amer. 

Proposed  by  M.  G.  F.  Sshnlein,  P.  F.  Bliek,  H.  L.  Venables. 

Bom  1893,  lUogan,  Cornwall,  England.  Cornwall  Coimty  Schools.  School  of 
Metaliferous  Mining,  Redruth,  Cornwall.  1911.  Asst.  Surveyor,  South  Crofty  Mines, 
Comwall.  1912.  En^.  to  the  Devon  United  Mines,  Ltd.  1913,  Mgr.  (Mine)  Ante- 
auera  Mines,  Bolivia.  1913-14,  Surveyor,  Compania  Minera,  Nane,  Bolivia. 
1914-15,  Asst.  Mine  Mgr.  and  Surveyor,  Cia.  de  Minas  de  Cobre  de  Gatico. 

Present  position:  Engr.,  House  oi  Penny  y  Duncan. 

Kiva  Pommerantz,  Santiago,  Chile,  S.  Amer. 

Proposed  by  Louis  A.  Wright,  Mark  R.  Lamb,  F.  H.  Barclay, 
f  Bom  18842*^Kuhurlui,  Besarabia,  Russia.  1901;  Grad.,  B.  S.,  in  Komrat,  Rusak 
1901-05,  Minmg  Academy,  Freiberg,  Saxony,  "Diplom-Ingenieur".  1905-08,  Sur- 
veyor and  later  on  Superintendent  of  one  of  the  zinc  mines  belonging  to  the  "  Minen- 
gesellschaft  Fr.  Speidelj  Tharsos"  Turkey.  1908-11,  Supt.,  Manganese  and  Copper 
Mines  of  Hopa  (Ajsia  Mmor).  1911-14,  Technical  Mgr.,  '^Soci^t6  Hongroise  d'Etudes 
de  rindustrie  Mini^re  et  Metallurgique,''  Budapest. 

Present  position:  1914  to  date,  Cons.  Engr.,  Ore  Trading  Co.,  Ltd. 

Harold  Cannichael  Robson.  Akmolinsk,  Siberia. 

Proposed  by  Walter  G.  Perkins,  C.  G.  Hall,  Herbert  C.  Woolmer. 

Bom  1890,  Penzance,  Comwall,  England.  1897-1900,. The  Abbey  School,  Pen- 
zance, Cornwall,  England.  1900-05,  St.  Mary's  School,  Penzance.  1905-09, 
School  of  Mines,  Penzance,  receiving  school  diplomas.  1909-10,  Practical  work, 
Dolcoath  Mine,  Camborne,  Comwall,  England,  Min.  &  Mill.  1910-11,  Asst.  to  W. 
Roberts,  Siberian  Syndicate,  London  WaU,  E.  C.,  England,  who  reported  on  various 
concessions  in  the  Altai  District,  Siberia.  1911-14,  Junior  Asst.  Engr.,  Spassky 
Copper  Mine,  Ltd. 

TPresent  position :  1914  to  date,  Asst.  Engr.  in  Smelter,  Spassky  Copper  Mine,  Ltd. 

Leon  Fair  Russ,  Tampico,  Mexico. 

Proposed  by  C.  W.  Hamilton,  E.  DeGrolyer,  Lewis  C.  Chapman. 

Bom  1886,  Coushetti,  La.     1909,  Univ.  of  Texas,  B.  A.     1909-10,  special  work 

feology  and  chemistry,  Univ.  of  Texas.    1907-10,  Geologic  field  wort,  Field  Asst., 
r.  S.  Geol.  Survey.     1911,  GeoL,  Cia.  Mex.  de  Pet.  "El  Aguila."  S.  A. 
Present  position:  Geol.,  Cia.  Mex.  de  Pet.  "El  Aguila,"  S.  A. 

Jesse  D.  Smith,  Galena,  111. 

Proposed  by  Arthur  Thacher.  H.  A.  Wheeler,  J.  F.  Thompson. 

Bom  1860,  New  Madrid.  Mo.  Few  years  in  Public  Schools.  1897-1905,  Cen- 
tral Lead  Co.,  Flat  River,  Mo.  1905,  Federal  Lead  Co.,  Flat  River.  Mo.  1906,  St. 
Louis  Smelting  &  Refining  Co.,  Flat  River,  Mo.  1907-1916,  Mineral  Point  Zinc  Co., 
Mineral  Point,  Wis. 

Present  position:  Supt.,  Black  Jack  Mine. 

Thomas  B.  Sturges,  Pittsburgh,  Pa. 

Proposed  by  Richard  T.  Dana,  Clarence  B.  Sturges,  A.  H.  Camahan. 

Bom  1884,  Wilkes-Barre,  Pa.  1901,  C.  P.  Course,  Wilkes-Barre,  Pa.,  High 
School.  Other  geological  and  engineering  knowledge  gained  bv  private  study  and 
field  work.  1902,  Rodman  and  inspector,  Webster  Coal  &  Coke  Co.,  Cresson,  Pa. 
1903-06,  Min.  Engr..  Cons.  &  Femwood  Collieries.  Hillside  Coal  &  Iron  Co.,  Dunmor^ 
Pa.  1906-16,  G^nl.  Mgr.,  Pennsylvania  Drilling  Co.  Prospecting  coal  and 
other  mineral  land  in  United  States  &  Canada,  Cuba,  Central  America,  etc. 

Present  position:  Vice-Pres.  &  Genl.  Mgr.,  Penn.  Drilling  Co. 
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Hamyoshi  Tomijta,  Akitaken,  Japan. 

Propoeed  by  E.  P.  Mathewson,  H.  W.  Aldrich.  Ichiro  Kamimura. 
Bom  1887,  Kumamoto,  Japan.     1906-09,  The  5th  Higher  School,  Kumamoto. 
1900-12,  Tokyo  Imperial  Univ. 

Present  position:  1912  to  date;  Met.  Engr.,  Osanuawa  Mine,  Mitsubishi  Co. 

Frederick  H.  Vahrenkamp,  Salt  Lake  City,  Utah. 

Proposed  by  David  Lemmon,  G.  B.  Wilson,  L.  O.  Howard. 

Bom  1870,  Concordia,  Mo.  1888,  High  School.  1892-96,  Private  studies  in 
engineering  and  geology.  1898-1904,  Business  associate  of  Prof.  Mitchell  of  Mitchell 
&  Vahrenkamp,  Los  Angeles,  Cal.  1905-06,  Prest.,  Anvil  Springs  Gold  Mining  Co. 
1906-^8,  Prest.,  Bonnie  Clare  Mining  Co.,  Goldfield,  Nev.  1908-09,  E.  M.  Hum- 
boldt Exploration  Co.,  New  York,  N.  Y.  1900-12,  Genl.  Mgr.,  Coates  Motor  Car 
Co.,  New  York^  N.  Y.     1913-14,  Prest.,  Onyx  Travertine  Co.,  Salt  Lake  City,  Utah. 

Present  position :  Prest.,  Boston  Development  Co.,  Boston  Nevada  Copper  Co. 

Waiiam  Wilke,  Buffalo,  N.  Y. 

Proposed  by  C.  W.  Stimpson,  R.  F.  Barker,  W.  D.  Leonard. 

Bom  1855,  Darmstadt,  Germany.  Public  and  High  School  in  Darmstadt.  Ger- 
many. 1872-77,  Potytechnicum  Darmstadt,  M.  E.  1881-86,  Asst.  Engr.,  Midvale 
Steel  Co.,  Philad.elphia,  Pa.  1886-93^  Designing  and  erecting  plant  for  the  manufac- 
ture of  mineral  acids  and  other  chemical  products,  developing  new  processes;  Chem. 
Engr.,  Harrison  Bros.  &  Co.,  Chem.  Works,  Philadelphia,  Pa.  1893-16,  Own  firm 
of  Wm.  Wilke,  Buffalo,  N.  Y.,  designing  and  erecting  chemical  works;  q^ecialty, 
sulphuric  acid,  vitric,  hydrochloric,  acetic,  etc.  Built  plants  for  Standard  Oil  Co., 
Da  Pont  de  Nemours  Co.,  General  Chemical  Co.,  Graselli  Chemical  Co^  Penna. 
Salt.  Mfg.  Co.,  Butterworth-Judson  Co.,  Virginia-Carolina  Chemical  Co.,  Tne  Phos- 
phate Mining  Co.,  etc. 

Present  position:  Consulting  Engineer,  American  Smelting  A  Refining  Co. 

Associate  Members 

H.  EL  Allen,  Salt  Lake  CHty,  Utah. 

Proposed  by  J.  B.  Ambler,  George  R.  Sheldon,  C.  T.  Van  Winkle. 

Bom  1891,  Bessemer,  Mich.  1905^9,  Ishpeming  (Mich.)  High  School.  1909-11, 
Michigan  A^cultural  College.  1912-14,  Michij^an  Agricultural  College.  1916, 
Shops  of  Sulhvan  Mach.  Co..  Claremont,  N.  H.  Michigan  Agricultural  College,  B.  S. 
in  Engrg.  1915,  H.  H.  Franxlin  Mfg.  Co.,  Sjrracuse,  N.  Y.  1915,  Vienna  Cons.  Mines 
&  Smelt.  Co.,  Hailey,  Ida.     1915,  Sullivan  Machinery  Co.,  Chicago,  111. 

Present  position:  Sales  Engr.,  Sullivan  Mach.  Co. 

Walter  J.  Riley,  East  Chicago,  Ind. 
Proposed  by  G.  P.  Hulst,  Fred  P.  Ckrk,  R.  Ruetschi. 

Bom  1875,  Chicago,  HI.    De  La  Salle  Univ.     Pres.,  1st  State  Trust  &  Savings 
Bank;  Ist  Calumet  Tnist  &  Savings  Bank.    O.  F.  Jordan  Co.,  East  Chicago,  Ind. 
Present  position :  As  above. 

Paul  Stevens,  Warren,  Ari«. 

Proposed  by  James  C.  Greenway,  Ira  B.  Joralemon,  W.  B.  Gohring. 

Bom  1879,  Minneapolis,  Minn.  1898,  Central  High  School,  Minneapolis,  Minn. 
Last  eight  and  one-half  ^ears,  Private  Secy,  to  Genl.  Mgr.,  Calumet  &  Arizona  Mining 
Co.    F^viously  in  busmess  for  self. 

Present  position:  Private  Secy,  to  Genl.  Mgr.,  Caliunet  A  Arizona  Min.  Co. 

Junior  Member 

Oscar  Allen  Knight,  Cambridge,  Mass. 

Proposed  by  Albert  Sauveur,  fi.  M.  Boylston,  F.  C.  Langenberg. 

Bom  1893,  Athens,  O.     1916,  Ohio  Univ.,  A.  B. 

Present  position:  Student,  Mining  School,  Harvard  Univ. 

Change  of  Static — Junior  Member  to  Member 

Fletcher  H.  Wood,  Metcalf,  Ariz. 

Bom  1888,  Mt.  Vemon,  N.  Y.  1895-1907,  Public  Schools,  Mt.  Vernon,  N.  Y. 
1907-09,  Sheffield  Scientific  School.  1912-15,  Colorado  School  of  Mines.  1909-12, 
Costilla  Estates  Dev.  Co.  1913,  summer.  Mucker,  Portland  Gold  M.  &  M.  Co. 
1914,  summer.  Mucker  and  Miner,  Portland  Grold  M.  &  M.  Co.  1915,  summer.  Tim- 
ber-helper, Portland  Gold  M.  &  M.  Co.  1915,  fall,  Engrg.  Dcpt.,  Arizona  Copper  Co. 
1915-16,  Engr^.  Dept.,  Ray  Cons.  Copper  Co. 

Present  position:  Dev.  Boss,  Arizona  Copper  Co. 
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Change  of  Address  of  Members' 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  July  10,  1916  to  July  31,  1916. 

This  list  together  with  the  list  published  in  Bulletin  Nos.  110  to  115, 
February  to  August,  1916,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1916 
and  brings  it  up  to  the  date  of  July  31,  1916. 

Allen.  Glenn  L Met.,  Shattuck-Arizona  Copper  Co.,  Bisbee.  Aiiz. 

Babb,  F.  a Ave.  Cinco  de  Mayo  No.  32,  Mexico  City,  Mexico. 

Baillie,  Frank  S Mgr.,  Baker  Mines  Co.,  Cornucopia,  Ore. 

Baker,  Hamilton  W 1043  Emerson  St.,  Denver,  Colo. 

Baker,  John  M 1043  Emerson  St.,  Denver,  Colo. 

Barker,   L.    M Haydoij  Arix. 

Barnes,  Kennett  F 5151  Washington  Ave.,  St.  Louis,  Mo. 

Bartlett,  William  Sydney,  Managing  Director,  The  Copper  Mines  of 

Copiapo,  Ltd.,  Copiapo,  Chile,  South  AmericA. 

Bowman,  Reginald  G Tooele,  Utah. 

Briber,  F.  E Highland  Boy  Mine,  Bingham,  Utah. 

Burg,  Robert  S American  Smelt.  &  Ref.  Co.,  Durango,  Cola 

Caztn,  Franz Herculaneum,  Mo. 

Charles,  L.  J 566  High  St.,  Denver,  Colo. 

Chatin,  August  H 3832  Umatilla  St.,  Denver,  Goto. 

Chedsey,  William  R 1414  Gaylord  St..  Denver,  Colo. 

Cragin,  Rodney  S Hill  City.  8.  Dak. 

Crandall,  S.  a..  Draughtsman,  Bunker  Hill  and  SuUivan  Smelter,  Kellog|;,  Ida. 

Davis,  Lloyd  J 1010  Boatmen's  Bank  Bldg.,  St.  Louis,  Mo. 

Digk-Cleland,  a.  F.,  Dick-Cleland  Harper  &  Co.,  49  Jamaica  St.,  Glasgow.  Scotland. 

DoBSON,  Christopher  G Britania  Mine,  Howe  Sound,  B.  C.,  Canada. 

Dowd,  James  J Box  389,  Houghton,  Mich. 

Faust,  Guy  C 19  West  Jackson  St.^  Wilkes^Barre,  Pa. 

Field,   Frederick   M Easton-Pacific   Co.,   Virginia   City,   Mont. 

FoHS,  F.  Julius,  Cons.  Oil  Geol Suite  307,  Gallais  Bldg.,  Tulsa,  (ftla. 

FuLLAWAY,  Richard  Merle .'.  817  E.  3rd  St.,  Los  Angeles,  CaL 

GiRAULT,  E 327  Goliad  St.,  San  Antonio,  Tex. 

Graybill,  John  H.,  Industrial  Engrg.  Dept.,  Westinghouse  Electric  and 

Manufacturing  Co.,  E.  Pittsburgh,  Pa. 

Hastings,  J.  H 820  Sheridan  St.,  Monongahela,  Pa. 

Hill,  Joseph  H Ray  Cons.  Copper  Co..  Ray,  Am. 

Hlebnikoff,  Kenneth  I Goldfield,  Ncv. 

HosKiN,  Arthur  J P.  O.  Box  626,  Leadville,  Colo. 

Hsu,  Shbn-Chin Songlin,  Huchow,  Chekiang,  China. 

Hu,  S.  H 1004  Brush  St^  Detroit,  Mich. 

Hudson,  A.  W Copper  Queen  Cons.  Min.  Co^  Bisbee,  Am. 

Hughes,  Wilson  W Monitor  Belmont  Min.  Co.,  Belmont,  Ncv. 

Johnson,   C.   B Federal  Lead  Co.,  Federal,  ID. 

Johnson,  J.  Harlan,  So.  Dakota  National  Guard,  Hospital  Corps, 

Camp  Hagman.  So.  Dak. 

Jones,   Clemens   Ap-C Hold   puolications. 

JoPLiNG,  R.  F Hold  publicatioM. 

Kemp,  James  T 61  Hyatt  St.,  New  Bnghton,  N.  Y. 

Kernan,  Thomas  H.,  School  of  Mines,  Experiment  Station,  Univ.  of  Minn.. 

Minneapolis,  Minn. 

King,  Paul  S 807  West  Ninth  St.,  Wilmington,  Dd. 

Knapp,  George  F R.  R.  1,  Box  67B,  West  Wrentham,  MaaB. 

Labkt,  Bernard  H U.  S.  Smelt.  Ref.  &  Min.  Co..  Tucson^  Aii». 

Lawshe,  Verner  T 4819  Warrington  Ave.,  Philadelphia,  P». 

L'Engle,    E.    Fleming fVisco   Bldg.,    Jopun,   Mo. 

Lessig,  Nicolai,  Genl.  Mgr.,  Bidder  Mining  and  Trading  Co.,  Ridder  Mine, 

Tomsk  Government,  Rusaia. 

Lewis,  John  Moore Chief  Engr.,  Houston  Coal  Co..  Elkhom.  W.  Va. 

Lewis,  Robert  S Box  902,  Stanford  University,  Cal. 

Liddell,  Parker Rcaio,  Nevada. 
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LixBiG,  J.  0 161  Sherman  Ave.,  Newark,  N.  J. 

LiHHE,  C.  B LaJce  Forest,  III. 

LiNDSAT,  J.  A.  M Broken  Hill  Prop.  Co.,  Broken  Hill,  N.  S.  W.,  Aiutralia. 

liMT.  E RoUa,  Mo. 

McDonald,  John  A Cananea  Cons.  Copper  Co..  Cananea,  Son.,  Mexico. 

McHardt,   R.  H General  Delivery,  Bisbee,  Ariz. 

MacDonald,   Bernard Mills  Bldg.,   El  Paso,  Tex. 

MacDonald,    Jesse   J Box   421,    Clarkdale,    Ariz. 

Mackenzie,  George  S Craig  Lee,  Broughty  Ferry,  Dundee,  Scotland. 

Malcouison,  J.  D Thompson,  Nev. 

Masters,  J.  E 434  E.  2d  Ave.,  Tucson,  Ariz. 

Means,  A.  H Copper  Mountain,  Ajo,  Ariz. 

Millard,  William  J Box  75,  Houston,  Tex. 

Miller,  W.  B Sardis,  B.  C,  Canada. 

Mosonti,  Emil,  Salvador  Deep  Well  Boring  Co.,  P.  O.  Box  158,  San  Salvador, 

Republic  El  Salvador,  Central  America. 

Neeld,  H.  C Hold  publications. 

Pattinson,  R.  L Chatham,  Ontario,  Canada. 

Pelton,  Harold  G Union  Oil  Co.,  Avila,  San  Luis  Obispo  Co.,  Cal. 

Peschel,  William  M 51a  R.  F.  D.  2,  Lewiston,  Ida. 

PmLLiPs,    WiLUAM    B '. .  Austin,    Tex. 

PiGOTT,  Curtis Met.,  Midvale  Smelter,  U.  S.  Smelt.  Co.,  Midvale,  Utah. 

Rau,  H.  L Hazel  Green,  Wis. 

Rat,  Frank  A 515  Huntington  Bank  Bldg.,  Columbus,  Ohio. 

Robinson,  E.  M Psi  U  House,  S.  Bethlehem,  Pa. 

Roesler,  Max,  Geol Juragua  Iron  Co.,  Box  383,  Santiago  de  Cuba,  Cuba. 

RoBK,  Frank  C Humboldt,  Ariz. 

Ruebel,    Ernst   H.,  Custodian's    House,  State    Fair    Grounds,    Springfield,    111. 

Ryder,   Thomas  J Apartado    189,    Vera   Cruz,    Ver.,    Mexico. 

Schmidt,  R.  D Corrigan  McKinney  Co.,  Cleveland^  Ohio. 

ScHWARz,  Charles  E.,  Min.  and  Met.  Engr P.  O.  Box  715,  Miami,  Okla. 

Seogmark,  John Room  1509,  35  Nassau  St.,  New  York,  N.  Y. 

Smith,  Elwyn  L Granby,  Mo. 

Soper,  Ellis  C,  Cons.  Engr Mariel,  Cuba. 

Spboat,  a.  D 73  W.  5th  St.,  Chillicothe,  Ohio. 

Stkbl,    Donald Douglas,    Alaska. 

Stroup,  Thomas  A.,  Engr Arthur  Mine,  Utah  Copper  Co^  Garfield,  Utah. 

ThomfsoiJ;  Warren  D Kennebec  Hotel,  Long  Beach,  Cal. 

Thbopp,  J.  E.,  Jr. Berkshire  Iron  Works,  Sheridan,  Lebanon  Co.,  Pa. 

ToNQ,  S.  K 404  W.  115th  St.,  New  York,  N.  Y. 

TsTJBOi,  Yoshio Tsuboi  Mining  Office,  126,  Koyasu,  Yokohama,  Japan. 

ViQEON,  E.  C,  Genl.  Mgr.,  Bede  Metal  and  Chemical  Co.,  Ltd.. 

Hebbum,  near  Newcastle-on-Tyne,  England. 

Walters,  R.  E Asst.  Mgr.,  Snow  Storm  Mines  Cons.,  Troy,  Mont. 

Watbon,   Hugh   C •. Yak   Mine,   Leadville,   Colo. 

Watt,  Arthur  P.,  Met St.  Louis  Smelt.  &  Ref .  Co.,  St.  Francois,  Mo. 

Wells,  J.  S.  C Care  R.  de  C.  Greene,  211  Broad  St^  Elizabeth,  N .  J. 

Worth,  John  G.,  Min.  Engr 836  Real  Estate  Trust  Bldg.^  Philadelphia,  Pa. 

Wright,  Louis  A Casilla  125  D.  Santiago,  Chile,  South  America. 

Young,  Fred  W Mercer  County  Light,  Heat  A  Power  Co.,  Greenville,  Pa. 

Members'  Addresses  Wanted 

Name.  Last  Address  of  Record  from  which  Mail  has  been  Returned. 

Bahnbs.  Blak£BLEi> Arrow  Engineering  Co.,  Palmyra,  Mo. 

Bell,  D.  A.  S 136  McLaren  St^  Ottawa,  Can. 

Blow,  J.  J 172  Rodney  St.,  Brooklyn,  N.  Y. 

Booth,  E.  L 349  W.   145th  St.^   New  York,   N.  Y. 

BoTB,  H.  R, Aurora  Cons.  Mm.  Co.,  Aurora,  Nev. 

Cairns,  John  M Henry  S.  King  &  Co.,  65  Comhill,  London,  E.  C,  England. 

Cole,  R(»ert  J McKay  Apartments,  7th  &  Pike  Sts.,  Seattle,   Wash. 

Crart,  Charles  N Kimberly,  Nev. 

Cr8HiN%  Daniel Sandusky   Foundry  &,  Machine  Co.,   Sandusky,   Ohio. 

Daley,  Stephen  H.,  Jr Box  943,  Niagara  Falls,  N.  Y. 
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Draper,  Carl  H Apartado  77,  Guadalajara,  Jal.,  Mezioo. 

Foster,  George  C 18  Cadogan  Blk.,  Cakary,  Alia.,  Oanads. 

GoEDiCKE,    Carl Box    535,    San    Antonio,   Tex. 

GoRDON-FiREBRACE,  W.  E 812  Salisbury  House,  London,  £.  C,  Endand. 

GuNTHER,    C.    Godfrey Stratford,    Conn. 

Hanlon,     John    Edward  .- Timmins,     Ont.^     Canada. 

HoBART,  Edmund  Norris Qjfton,  Arix. 

Jones,  Thomas  J.,  Mine  Mgr.,  Kyshtim  Min.  Wks.,  Perm  Govt.,  yiaPetrograd,RuflBia. 

Kellogg,  R.  M .' Wellington,  Lyon  Co.,  Nev. 

KiSHMAN,  Maurice  W 101  Masonic  Ave.,  Cripple  Creek,  Colo. 

LeNoir,    Frank   H Douglas.   Alaska. 

McGee,  John United  Greenwater  Co.,  Dale  via  Amooy,  Cal. 

Mainwaring,  H.  M.  C,  Mine  Mgr.,  Chillagoe,  Ltd.,  Chillagoe,  Queensland,  Ausi 

Miller,   Franx  Barton Blair,  Esmeralda,  Nev. 

MoHRMAN,  E.  M 1293  W.  111th  St.,  Qeveland,  Ohio. 

Moore,    Redigk    R Zortman,    Mont. 

O'Brien,  P.  C.  K Hotel  Essex,  684  Larkin  St.,  San  Francisco,  M. 

Parrish,    S.    F Battle    Mountain,   Nev. 

Patchell,  F.  J 4516  No.  Lincoln  St.,  Chicago,  Dl. 

Paterson,    a.    W 1814    11th    Ave.,    Spokane,    Wash. 

Perry,  Robert  S Kingscourt  Apts.,  36th  &  Chestnut  Sts.,  Phila.,  Pa. 

Ralph,   E.   W Boston  Ely  Minmg  Co.,   Kimberly,  Nev. 

Redfearn,  a.   M Hold  pubhcations. 

Revell,  G.  E Box  132,  Nelson,  B.  C,  Canada. 

Reynolds,  L Apartado  25,  Guanajuato,  Mexico. 

Rhodes,    W.    B Golden,   Colo. 

RoDRiQUEz,  J.  C Apartado  76,  Saltillo,  Coah.,  Mexio). 

Rogers,  B.  C,  Care  Standard  Mine,  Detroit  Copper  Min.  Co.,  Box  427,  Metcalf,  Ari*. 

Sales,  A.  J Giroux  Cons.  Mines  Co.,  Eomberly,  Nev. 

Sandifer,   H.   C Box   15,   Bis.,   Mexico   City,  Mexico. 

Smith,    A.    H Gateway,    B.    C,    Canada. 

Sparks,  J.  T 326  Ene  St.,  El  Paso,  Tex. 

Stoddart,  a.  W 638  Salisbury  House,  London,  E.  C,  England. 

Sullivan,  W.  P The  Henry  Walke  Co.,  Norfolk,  Va. 

Taylor,  A.  W Korean  Exploration  Co.,  Chiksan  Mines,  Chiksan,  Korea, 

Thomas,  Edmund Weaver  Mine,  Gibson,   N.  Mexico. 

Ton,  Grant  H Care  Coast  Mfg.  &  Supply  Co.,  Livermore,  Cal. 

ToNG,  S.  K 413  W.  115th  St.,  New  YoA,  N.  Y. 

Van  Ness,  W.  W •. 622  Salisbury  House,  London,  E.  C,  England. 

Wainbwright,  W.  B 61  Grace  Church  St.,  London,  E.  C,  England. 

Ward,  Harry  J 948  Market  St.,  Sail  Francisco,  Cal. 

Went  worth,  I.  H 245  Beldon  Ave.,  Harlandale  Addition,  San  Antonio,  Tex. 

Wraight,  E.  C 63  Wavertree  Road,  Streatham  Hill,  London,  S.  W.,  England. 

Yeandle,  W.  H.,  Jr.,  Care  Guilermo  Brockmann,  2a  Capuchines, 

No.  55,  Mexico  City,  Mexico. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  July  10,  1916  to  July  31,  1916. 

Election.  ^"*™^-  ^*^«  «^  ^'^■ 

1900  *Deidesheimer,  P ,  1916. 

1879  •♦Hinchman,  Charles  S June   3,  1916. 

1875  ♦Kirchhofif,  Charles July  23, 1916. 

1914  '       ♦Levy,  A.  G ,  1916. 

1891  **Louis,  David  A ,  1913. 

1907  ♦Pocock,  Cecil  W July  19,  1916. 

1899  *Louis  Rosenfeld July  20, 1916. 

♦Member.  **Life  member. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

Nmo  York 

Meeto  first  Wadneiday  after  fint  TuawUy  d  eMh  month. 
DATID  H.  BROWNE,  Chairman.  PERCY  B.  BARBOUR,  ViM-Cfhmkman. 

A.  D.  BEERS,  SMeMUtni,  66  WaU  St.,  New  York,  N.  Y. 

C.  A.  BOHN,  Tr^atww, 

Bo9Um 

Meete  fint  Mondagr  ol  eaeh  winter  month.  _      _. 

W.  B.  C.  EU8TI8,  Chairmmn,  R.  L.  AGA881Z,  Vie^-Ckairman, 

B.  E.  BUGBEE,  atertlanhTnamHW,  Meai.  Inst,  of  Teehnology,  Boston.  Mass, 

ALBERT  SAUVBUR,  H.  L.  SMYTH. 

Cdumbia 

Holds  four  sssaions  dvrinc  year.    Annoal  meeting  in  September  or  Oetober. 
STANLY  A.  BA8TON,  Chairman,  FREDERIC  KEFFBR.  Fios-CAelnNan. 

LYNDON  K.  ARMSTRONG.  SMnlarp'Trtatwnr,  P.  O.  Drawer  2164,  Spokane.  Wash..  ^^ 
D.  C.  UVINGSTON,  FRANK  A.  ROSS. 

PvifH  Sound 

Meets  second  Satnidaar  ol  each  month. 
QLENYILLB  A.  COLUHB,  Chairman.  H.  L.  MANLEY,  Fise-CAelnNaii. 

L  F.  LAUCI^^  ^^"^  SscrMor^Trean.^.  1048  Henry  Bid..,  Seattle.  Wyh^^  ^  ^^ 

Savihmn  Calif  omia 

C.  COLCOCK  JONES,  CAeraon.  ALVIN  B.  CARPENTER,  Vitf-Chairman, 

FBEDBRIC^  J.  H.  MERRILL,  S^ereiarwTrtaturer,  216  Union  Leacae  BIdg.,  Loe  Angeles.  Cal. 

A  B.  W.  HODGES.  ^^  R.A.PEREZ. 

B.  A.  MONTGOMERY,  WILLIAM  F.  STAUNTON. 

L.  P.  HAMMOND.  Chairman.  F.  H.  BOSTWICK,  Vie^-Chairman. 

^  ^  P.  M.MoHUGH,  SMrttary-rrtoMrM',  812  Cooper  Bldg.,DenTsr,  Colo., ^  _^.^«,««. 

Q.  A  KENNEDY.  i^  «~^.  M.  S.  MaoCARTHY. 

Mo9liO$M 

J.  L.  BRUCE,  Chairman.  W.  C.  SIDERFIN.  FiM-CAolrmaa. 

_  WALTER  E.  GABY,  5ccr«fary-7VMSMrsr.  884  W.  Granite  St.,  Bntte.  Mont.     ^^  .,,, 

W.  T.  BURNS.  .  •  .  j^   g   BRALY. 

San  FrancUco 

^  . Meets  seoond  Tuesday  ol  eaeh  month.  _  .  «.     ^.   . 

T.  A.  RICKARD.  Chairman.  W.  H.  SHOCKLEY.  Vie^^Chalrman. 

„    .    _'C.  B.  GRUNSKY,  JR..  AMretery-rrMwrw,  67  Post  St.,  San  F^andseo.  CaL    _^„„^ 

B.  A  BER8AM,  .  •  .  H.  W.  YOUNG. 

PtffifMylwmia  Anthracite 

««.   ,  R.  V.  NORRIS,  CAa^sMn.  _    „      ^  , 

CHABLE8  F.  HUBER,  VU^-Chairman.  EDWIN  LUDLOW.  Vie^-Chairman. 

W.  J.  RICHARDS.  F{c*.(7»airiiMm.  ARTHUR  H.  STORRS,  Viee-^hairman. 

r^^^   PAUL  STERLING.  50cr«teiv-2V«Miirer,  Lehigh  Valley  Coal  Co.,  Waksa-Barre.  Pa.  ^^^^ 
DOUGLAS  BUNTING,  FRANK  A.  hHjT  fi^ERT  B.  JB88UP, 

RUPU8  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

St.  LauU 

C.J.  ADAML  CAatnMfi.  HERMAN  GARLICH,  rie«-C»a<rsMa. 
F.  W.  DsWOLF.  Ftc«-CAa<nium,  M.  M.  VALERIUS.  Viee-Chairman. 
^  _      WALTER  B.  McCOURT,  8«»tiarihTr4a»w&r,  Washington  UniT.,  St.  Loitts,  Mo.      

A.  y.  DICKINSON,  CHARLES  T.  ORR,  ARTHUR  THACHER. 

C.  R.  FORBES.  F.  D.  RASH. 

Ckieago 

CHABLES  H.  MaoDOWELL,  Chairman.  LUTHER  V.  RICE.  Vic»^hairman. 

.,,^  HENRY  W.  NICHOLS,  SterHarwTreaawer,  1646  E.  68  St.,  Chioago,  lU.     . 

ALEXANDER  K.  HAMILTON,  HENRY  P.  HOWLAND. 

OBORQB  P.  HULST,  FREDERICK  T.  SNYDER. 

Utah 

C.  W.  WHITLEY,  Chairman.  WALTER  FITCH.  Vie^-Chatrman. 

.  _  ERNEST  GAYFORD,  aMrttary^Tnaawtr,  169  Pierpont  Ato.,  Salt  Lake  City,  UUh. 

B.  R.  ZALINSKI,  WILLIAM    WRAITH. 

Aruona 

i,/x«w ..,  ^  GERALD  SHERMAN,  Chairman. 

NORMAN  CARMICHAEL^cf  Ftet-CAatr.  B.  BRITTON  G0TT8BERGER,  2nd  Yic^hair. 

»  T  ^  .  ^  ARTHUR  NOTMAN,  awrMary-Trtawgrwr,  Bisbee,  Aris. 

;.L.CURK.  J.  C.  GREENWAY. 

W.  Q^MoBRIDB.  FOREST  RUTHERFORD. 

Nevada 

J.  W.  HUTCHINSON.  Chairman.  FRANCIS  CHURCH  LINCOLN.  Vice-Chairman. 

a,  -  ^.  HENRY  M.  RIVES.  SecreUtry-TrMturer,  Reno,  Nevada, 

pw?;  BLACKBURN,  E.A.JULIAN. 

|MMET  D.  BOYLE,  JOHN  G.  KIRCHEN, 

WlBDERICK  BRADSHAW,  C.  B.  LAKENAN. 

TASKERL.ODDIE. 
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STANDING  COMMITTEES 


GEORQE  D.  BARRON, 
SIDNEY  J.  JENNINGS. 


Bxecidwe 

L.  D.  RICEETT8,  Chmvrman. 


W.  L.  SAUNDERS, 
BENJAMIN  B.  THAYER. 


Membenhip 

KARL  EILERS,  Chairnum, 
ARTHUR  8.  DWIGHT,  LOUIS  D.  HUNTOON, 

-"SWISW. 


LSI 


FRANCIS, 


ARTHUR  L.  WALKER. 


ALBERT  R.  LEDOUX, 


GEORGE  D.  BARRON,  Ckainnan, 


CHARLES  F.  RAND. 


Library 

E.  GYBBON  SPILSBURY,  Chairman.* 
KARL  EILER8.t  E.  F.  ROEBER,« 

ALEX  C.  HUMPHREYS.*  BRADLEY  STOUGHTON. 

* 

Paperg  and  PvbHcatianB 

BRADLEY  STOUGHTON.   Chairman, 


■ZBOUnVB  OOMMITTBB 


KARL  EILERS, 
JOSEPH  W.  RICHARDS. 
E.  F.  ROEBER, 


J.  L.  W.  BIRKINBINE. 
WILLIAM  H.  BLAUVELT, 
H.  A.  BRASSERT. 
DAVID  H.  BROWNE. 
WnXIAM  CAMPBELL, 
R.  M.  CATLIN. 
ALLAN  J.  CLARK, 


HEINRICH  O.  HOFMAN. 
WALTER  E.  HOPPER, 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
J.-E.  JOHNSON,  JR., 
WILUAM  KELLY, 
JAMES  F.  KEMP, 


FREDERICK  G.  COTTRELL,   CHARLES  K.  LEITH. 
NATHANIEL  H.  EMMONS,      ANTHONY  F.  LUCAS. 
JOHN  W.  FINCH, 
CHARLES  H.  FULTON, 
F.  LYNWOOD  GARRISON, 
ROBERT  C.  GEMBfELL. 


CHARLES  W.  GOODALE. 
HARRY  A.  GUESS. 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 


EDWARD  P.  MATHEWSON, 
HERBERT  A.  MEGRAW, 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD, 
R.  v.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 
R.  M.  RAYMOND, 


GEORGE  C.  STONE, 
SAMUEL  A.  TAYLG%. 


ROSSITER  W.  RAYMOND. 
THOMAS  T.  READ, 
ROBERT  H.  RICHARDS, 
L.  D.  RICKETTS. 
HEINRICH  RIES, 
RENO  H.  SALES, 
ALBERT  SAUVEUR, 
HENRY  L.  SMYTH, 
A.  A.  STEVENSON. 
RALPH  H.  SWEETSER. 
GEORGE  D.  VAN  ARSDALE, 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL, 
FREDERICK  W.  WOOD, 
DWIGHT  E.  WOODBRIDGE. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFUJATBD 

STUDENT  SOCIETIES 

HARRY  H.  STOEK,  Chairman, 

Vice^hairmen 

CHARLES  H.  FULTON,  FREDERICK  W.  SPERR, 

EDWIN  C.  HOLDEN,  GEORQE  J.  YOUNG. 

WALTER  R.  CRANE,  S^crttary,  PemwylvaiiU  SUto  CoU««o,  SUta  Coll««o,  Pa. 


LUTHER  W.  BAHNEY. 
DARBIE  C.  BARD, 
ROBERT  H.  BRADFORD, 
SAMUEL  W.  BEYER, 
GUY  H.  COX. 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE, 
FRANK  W.  DURKEE, 


HOWARD  ECKFELDT, 
DAVID  M.  F0L80M, 
R.  R.  GOODRICH, 
CHARLES  E.  LOCKE, 

JAMES  F.  McClelland, 

HARRY  B.  MELLER, 
WALTER  S.  MORLEY, 
HENRY  S.  MUNROE, 


CHARLES  J.  NORWOOD, 
GEORGE  S.  RAYMEE, 
HEINRICH  RIES, 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON, 
F.  W.  TRAPHAGEN, 
CUNTON  M.  YOUNG. 


t  Until  Feb.,  1017.        >  Until  Feb.,  1918.        *  Until  Feb.,  1910.        «  Until  Feb..  1990. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ,  Chaimtat^ 
PHILIP  W.  HENRY,  Finl  ViM-CkairmtM. 


Vie&^Judrtnen 

LTNDON  K.  ARMSTRONG, 

F.  Q.  COTTRELL. 

CHARLES  A.  BUCK, 

EDWARD  L.  DUFOURCQ, 

H.  W.  HARDINGE, 

H.  L.  H0LLI8. 

DUNCAN  MACVICHIB, 

WILLUM  H.  SHEARMAN.  ^Msritory.  55  WaD  8t..New  York.  N.  Y. 


HENRY  W.  NICHOLS, 
ERSKINB  RAMSAY, 
CHARLES  F.  RAND, 
GILBERT  RIGG. 
WALTER  G.  SWART, 
RICHARD  P.  TINSLBY. 


HUNTINGTON  ADAMS, 
F.UANTISELL, 
EDWIN  G.  BANKS, 
LOUIS  V.  BENDER, 

C.  H.  BENEDICT, 
JAMBS  G.  BERRYHILL, 
ALBERT  C.  BOYLE,  JR.. 

D.  H.  BRADLEY,  JR., 
▼ICTOR  M.  BRASCm, 
FRBDERIC  K.  BRUNTON, 
LB8TBR  R  BUDROW, 
MILTON  A.  CAINE. 
EDWIN  E.  CARPENTER. 
CHARLES  CATLETT, 
WILLIAM  B.  CRAMER, 
NOAH  F.  DRAKE, 

J.  A  BDB, 

LOUIS  v.  EMANUEL, 
AUGUSTUS  H.  EUSTia 
WALTER  FITCH, 
WILLUM  E.  FOHL, 

E.  GAYFORD, 
H.  H.  GIDEL, 
STEPHEN  L.  GOODALB, 
CABL  B.  GRUNSKY,  JR., 


GEORGE  A.  GUESS. 
BENJAMIN  M.  HALL. 
RICHARD  a  HASELTINB. 
FRANK  R.  HEWITT. 
EDWIN  HIGGIN8. 
JOSEPH  T.  HILLES. 
JOHN  HOATSON, 

ROY  J.  holde;^, 

TADASHIRO  INOUYE. 
YING-CHIEH  KUANG. 
K.  C.  LI. 
1.  P.  LIHBIE. 
JOHN  J.  LINCOLN. 
DOUGLAS  C.  LIVINGSTON. 
SPENCER  R.  LOGAN. 
F.  E.  LUCAS. 
WALTER  E.  MoCOURT. 
P.  M.  McHUGH, 


AMBROSE  E.  RING, 
WnXIAM  W.  ROSE, 
HAZEL  L.  SCAIFE, 
WILLIAM  J.  SHARWOOD. 
S.  F.  SHAW, 
JO  E.  SHERIDAN, 
ARTHUR  P.  SILLIMAN, 
AMOS  SLATER. 
SUMNER  S.  SMITH, 
JOHN  G.  SMYTH, 
RICHARD  B.  STANFORD, 
PAUL  STERLING. 
LEWIS  STOCKETT, 
ARTHUR  F.  TAGGART, 
CHARLES  H.  TAYLOR, 
BENJAMIN  F.  TILLSON. 
ARTHUR  L.  TUTTLB, 
R.  C.  WARRINBR, 


FREDERICK  J.  H.  MERRILL.    WALTER  HARVEY  WEED. 


ARTHUR  NOTMAN. 
HENRY  M.  PARKS. 
IRVING  PERRINE 
OLUF  G.  PETERSEN. 
F.  E.  PIERCE, 
FRANK  Da  G.  RATHBUN. 


HENRY  A.  WBNTWORTH. 

WILLIAM  Y.  WESTfiRVELT. 

HERBERT  A.  WHEELER, 

EDWIN  E.  WHITE, 

C.  W.  WHITLEY, 

R.  B.  WOODWORTH. 


COMMITTEE  ADVISORY  TO  THE  U.  8.  BUREAU  OF  MINES 

HENNEN  JENNINGS. 


ARTHUR  F.  L.  BELL, 
ALBERT.  R.  LEDOUX,  E.  W.  PARKER, 

BUdridty  in  Mining  Mine  ExpU>sian9 

WILUAM  KELLY.  H.  M.  CHANCE, 

THOMAS  H.  LEGGETT,  FRANK  HAAS. 

SAMUEL  A.  TAYLOR.  CARL  SCHOLZ. 


L.  D.  RICKETTS. 

Mine  Svbndence 

JAMES  P.  KEMP, 
R.  V.  NORRI8, 
CHARLES  K.  LEITH« 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 

C^fiptr:  F.  L.  ANTI8ELL. 
Ltad:  ARTHUR  S.  DWIGHT, 
NieM:  JOHN  F.  THOMPSON. 


Aluminum:  JOSEPH  W.  RICHARDS, 
Zine:  GEORGE  C.  STONE. 


COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

HENRY  S.  DRINKER,    ARTHUR  S.  DWIGHT.    D.  M.  RIORDAN.    WARREN  A.  WILBUR 

COMMITTEE  ON  ARRANGEMENTS,  ARIZONA  (113TH)  MEETING,  1916 

QERALD  F.  G.  SHERMAN.  Chairman.  ARTHUR  NOTMAN.  Stereiary, 

NORMAN  CARMICHAEL.       W.  G.  McBRIDE.  J.  C.  GREENWAY. 

W.  L.  CLARK.  B.  BRITTON  QOTTSBERGER.  FOREST  RUTHERFORD. 

COMMITTEE  ON  TRANSPORTATION,  ARIZONA  (113TH)  MEETING,  1916 

CLEVELAND  B.  DODGE.  Secretary. 
JULIUS  KRUTTSCHNITT.  JR. 

NOMINATING  COMMITTEE 

SEELEY  W.  MUDD.  Chvirman. 
DAVID  H.  BROWNE.  H.  O.  HOFMAN. 


WALTER  DOUGLAS.  Chairman, 

AKTHUR  S.  DWIGHT,  JOHN  C.  GREENWAY, 


JAMES  GAYLEY. 
JOHN  C.  GREENWAY 
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FREDERICK  LAIST. 
R.  V.  NORRIS. 
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INSTITUTE  REPRESENTATIVES 
United  Engineering  Sodely  Trtutees 

CHARLES  F.  RAND.t  W.  L.  SAUNDERS,*  BENJAMIN  B.  THAYER.* 

Engineering  FaundaHon 

R.  M.  RAYMOND,  BENJAMIN  B.  THAYER. 

Library  Board,  Uniied  Engineering  Society 

KARL  EILERS,*  B.  F.  ROEBEILi 

ALEX  C.  HUMPHREYS,!  E.  QYBBON  BPILSBURY,* 

BRADLEY  8T0UGHT0N. 

John  Frite  Medal  Board  of  Award 

C.  R.  C0RNING.4  ALBERT  SAUVEUR,! 
CHARLES  F.  RAND,*  B.  QYBBON  SPILSBURY.* 

General  Conference  Committee  of  Engineering  Soeietiee 

J.  PARKE  CHANNING,       BENJAMIN  B.  LAWRENCE,       BRADLEY  STOUGHTON. 

American  AteodaUon  for  the  Advancement  of  Science 

WALDEMAR  LINDGREN.  JOSEPH  B.  TYRRELL. 

Advisory  Board  of  the  National  ConeervaHon  Congreee 

HENRY  S.  DRINKER. 

Committee  on  StandardieaHon  of  Qraphieai  Methode 

JUDD  STEWART. 

Committee  on  National  Beeerve  Corpe  ef  Engineere 

ARTHUR  S.  DWIGHT. 

Committee  on  Mining  Law  Reeieion 

JAMES  R.  FINLAY,  HENNEN  JENNINOa 

D.  C.  JACKLING,  C.  F.  KBLLEY, 

EDMUND  B.  KIRBY. 

Naeal  ConeuUing  Board 

WILUAM  L.  SAUNDERS,  BENJAMIN  B.  THAYER. 

STEPHEN  O.  ANDROS,  J.  C.  GREENWAY,  CHARLES  F.  RAND, 

E.  J.  BABCOCK,  LAFAYETTE  HANCHETT,       FRANK  D.  RASH. 
H.  R.  BATCHELLER,  H,  G.  HIXON,  R.  H.  RICHARDS. 

A.  A.  BLOW,  C.  B.  HOLLIS.  C.  S.  ROBINSON. 
PHILIP  R.  BRADLEY.                 GEORGE  P.  6ULST.  WALTER  M.  SAUNDERS. 
J.  L.  BRUCE.                                  FRANK  U.  HUMBERT,               E.  A.  SAYRE. 

D.  W.  BRUNTON.  HENNEN  JENNINGS,  H.  L.  SCAIFB. 

ALLAN  J.  CLARK,  S.  W.  McCALLIE.  A.  M.  SWARTLEY, 

F.  K.  COPELAND.  A.  J.  McQUATTERS,  PRIESTLEY  TOULMIN,' 

B.  F.  CRESSON.  JR.  C.  W.  MERRILL.  W.  E.  TRENT. 
ROBERT  N.  DICKMAN,  P.  N.  MOORE,  M.  M.  VALERIUS. 
M.  M.  DUNCAN.  F.  W.  O'NEIL.  W.  D.  WALTMAN, 
T.  C.  DU  PONT,  WALTER  T.  PAGE,  I.  C.  WHITE. 
STANLY  A.  EASTON,  W.  H.  PEIRCE.  ELI  WHITNEY. 
W.  E.  C.  EUSTIS.  JOSEPH  H.  PRATT.  H.  V.  WINCHELL. 
J.  R.  FORDYCE,  J.  C.  RALSTON. 

Committee  on  Engineering  Education 

JOHN  HAYS  HAMMOND,  HENRY  MARION  HOWE. 

CommiUee  on  Adoption  of  Metric  System 

GEORGE  F.  KUNZ,  JOSEPH  W.  RICHARDa 

Committee  o/fi  Claseification  of  Technical  Literature 

WILLIAM  P.  CUTTER. 

/.  A.  Holmes  Safety  First  AssodaOon 

HENNEN  JENNINGS. 

Pan-American  Engineering  Committee 

WALTER  H.  ALDRIDGE,  W.  H.  LEONARD. 

FREDERICK  K.  COPELAND,  P.  N.  MOORE. 

JOSEPH  W.  RICHARDa 

Committee  on  Military  Engineering  Lectures 

J.  PARKE  CHANNING,  CHARI.ES  F.  RAND.  BRADLEY  STOUGHTON, 

ALEX  C.  HUMPHREYS,         WILLIAM  L.  SAUNDERS,       WILLIAM  H.  WILEY. 


>  Until  Feb.,  1917.        *  Until  Feb.,  191&        *  UntU  Feb.,  1019.        *  Until  Feb..  1020. 
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TECHNICAL  COMMITTBES 
Iran  and  8M 

J06BPH  W.  RICHARDS,  Cktdrman, 

J.  B.  JOHNSON,  Jb..  FiM-CAoiniMn. 

ARTHUR  8.  CALLEN,  g^tnlmrw,  45S  ClMrtaut  St.,  So.  BoiU«h«n,  Pa. 

SUB-COIOHTIBBB 

IRON  ORB 

DWIGHT  B.  WOODBRIDGB,  Chakwtan, 
BRNE8T  F.  BURCHARD,         WILLIAM  KELLY,  CHARLES  F.  RAND, 

FELIX  A.  VOQBL. 

BLAST  FURNACB8 

H.  A.  BRA8SBRT,  Chainnm, 
AMBROSE  N.  DIEHL, 
RICHARD  V.  MoKAT. 
BTBBL  WOBKS 
HENRY  D.  HIBBARD.  Chairman. 
C.  F.  W.  RYS,  J.  8.  UNGBR, 

JL  A.  STEVENSON,  WILUAM  R.  WALKER. 

MBCHANIOAL  TBBATMBNT 
CHARLES  A.  BUCK,  Chainman, 
GEORGE  BIESTA,  FREDERICK  W.  WOOD. 


WILLIAM  H.  BLAUVELT, 


JAMES  GAYLEY, 


QUILLIABM  AERTSEN, 
FRANK  D.  CARNEY, 


ROBBRT  W.  HUNT, 


JOHN  H.  HALL 


FOUNDRY 
RICHARD  MOLDENKE,  Chakmm, 

ENRIQUE  TOUCEDA. 

CHSMIBTBY,  FHTBICS,  AND  MBTALLOORAFHY 
HERBERT  M.  BOYLSTON,  Choimuui, 
WILLIAM  CAMPBELL,  JOHN  A.  MATHEWS,  ALBERT  8AUVEUR, 

HBNRY  M.  HOWE,  E.  QYBBON  SPILSBURY.  LEONARD  WALDO, 

WILLIAM  R.  WEBSTER. 

Petroleum  and  Oae 

ARTHUR  F.  L.  BELL,  Chairman. 
WILLIAM  N.  BEST.  Vie&'Chairman.  DAVID  T.  DAY,  Vie4'ChairwMn. 

WILLIAM  B.  PHILUPS,  Viet-Chainmam.  MARK  L.  REQUA.  Vict-Chairman. 

LEONARD  WALDO,  S^erglarw,  40  WaU  St.,  New  York,  N.  Y. 


RALPH  ARNOLD, 
niEDBRICK  G.  CLAPP. 
SUQBNB  COSTE, 
SDWIN  T.  DUMBLE, 
'OHN  R.  EDWARDS, 


PHILIP  W.  HENRY, 
HANS  VON  HOEFER, 
ISAAC  N.  KNAPP, 
ANTHONY  F.  LUCAS, 
EZEQUIEL  ORDONEZ, 


FRANCIS  C.  PHILLIPS, 
WALTER  O.  SNELLING, 
CHESTER  W.  WASHBURNE, 
WILLIAM  L.  WATTS, 
HERBERT  A.  WHEELER, 
WILLIAM  A.  WILLIAMS. 


Coal  and  Coke 

SAMUEL  A.  TAYLOR,  Chairman. 
EDWIN  LUDLOW,  Fitw-CJUUHnon.  W.  J.  RICHARDS,  Vie^-Chairman. 

FREDERICK  W.  C.  WHYTE,  Vie^-Chairman. 
WnXIAM  E.  FOHL,  Seerttary,  Farmon'  Bank  Bide.,  Pittsbarg|i.  Pa. 


8.  B.  BBLDEN, 
WILLUM  H.  BLAUVELT, 
H.  M.  CHANCE, 
THOMAS  H.  CLAGETT, 
HJ  T.  CONNER, 
UMB8  8.  CUNNINGHAM, 
'RANK  W.  DbWOLF. 
B.  V.  DlNVnXIERS, 
W.  W.  DUFFIELD. 
HOWARD  N.  EAVENSON, 
<^HARLB8  ENZIAN. 
^WAM  a.  FORBES, 
^nUJAM  H.  GRADY, 
FRANK  HAAS. 


R.  DAWSON  HALL, 
FRANK  A.  HILL, 
FRANK  ALBERT  HILL, 
CHARLES  F.  HUBER, 
JAMES  ELLWOOD  JONES. 
CHARLES  E.  KRBBS, 
GEORGE  J.  KREBS, 
A.  C.  LEI8ENRING, 
SPENCER  R.  LOGAN. 
EUGENE  MoAULIFFE. 


R.  V.  NORRIS. 
CHARLES  J.  NORWOOD, 
THOMAS  H.  O'BRIEN. 
FRANK  A.  RAY, 
GEORGE  8.  RICE, 
JOHN  J.  RUTLEDGE. 
CARL  SCHOLZ, 
JOHN  ROY  SHARP, 
T.  W.  8PRAGUB, 
ARTHUR  H.  8TORR8, 


CHARLES  T.  MALCOLMSON.  ISRAEL  C.  WHITE. 
FRANK  A.  MANLEY.  WILLIAM  G.  WILKINS. 

JOHN  P.  K.  MILLER,  LEWIS  L.  WILLARD. 
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PfteUnu  and  Ba»$  MeUdt 

CHARLES  W.  GOODALE,  Chairman, 
ARTHUR  L.  WALKER.  Vie^-Chairman,  ROBERT  C.  GEMMELL, 

DAR8IE  C.  BARD.  SMrwtary,  MontaaA  State  Sohool  of  MinM.  Butt^  Mont. 

SxTB-CoiaaTTBBB 


LAWRENCE  ADDICKS. 
W.  LAWRENCE  AUSTIN, 
JOHN  C.  GREENWAY. 
LAFAYETTE  HANCHETT, 
L.  OGHiVIE  HOWARD, 


COPPER 
EDWARD  P.  MATHEW80N,  Chairmam, 


FREDERICK  LAIST, 
C.  B.  LAKENAN, 
GEORGE  W.  METCALFE, 
L.  D.  RICKETTS, 
FOREST  RUTHERFORD, 


GEORGE  D.  VAN  ARSDALE, 
ARTHUR  L.  WALKER, 
ARCHER  E.  WHEELER. 
ALBERT  E.  WIQGIN. 


F. 


F.  L.  BOSQUI, 
PHILIP  R.  BKADLEY, 
CHARLES  BUTTERS, 
ROBERT  C.  CANBY, 
ALLAN  J.  CLARK, 


C.  J.  ADAMI. 
LEONARD  S.  AUSTIN, 
WILLIAM  BRADEN. 
ARTHUR  S.  DWIGHT, 
KARLEILERS, 


8.  E.  BRETHERTON, 
GELASIO  CAETANI, 


GOLD  AND  8ILTBB 
LYNWOOD  GARRISON,  Cfkabrman, 


GEORGE  H.  CLEVENGER, 
HARRY  8.  DENNY, 
JOHN  V.  N.  DORR, 
JAMES  W.  MALCOLMSON, 
CHARLES  W.  MERRHX, 


WILLBT  G.  MILLER, 
CHARLES  H.  MUNRO. 
R.  M.  RAYMOND. 
WHITMAN  SYMMES. 


LEAD 

HEINRICH  O.  HOFMAN, 

HERMAN  GARLICHS, 
ERNEST  A.  HERSAM, 
G.  P.  HULST, 
SIDNEY  J.  JENNINGS, 
FRANK  M.  SMITH, 

ZINC 

GEORGE  C.  STONE.  Ckairtnan. 

C.  A.  H.  DaSAULLES, 
W.  MoA.  JOHNSON, 
FREDERICK  LAIST, 


WILLIAM  A.  SMITH. 
FREDERIC  R.  WEEKE8, 
RUSH  J.  WHITE, 

C.  W.  WHITLEY, 

WILLIAM  WRAITH. 


DOR8EY  A.  LYON, 
OTTO  RI88MAN. 
C.  E.  SIEBBNTHAL. 


DAVID  H.  BROWNE, 
SIEGFRIED  FISCHESR, 
FRANK  L.  HESS, 


MARK  N.  ALLING, 
SIDNEY  H.  BALL. 
PIERRE  BOUERY. 
C.  C.  BRAYTON, 
NEWTON  CLEAVELAND. 
ROBERT  E.  CRANSTON. 


MISCBLLANBOUS  MBTALB 
CHARLES  H.  FULTON,  ChaSrmam, 

ZAY  JEFFRIES.  WALTER  M.  STEIN, 

ROBERT  M.  KEENEY,  JOSEPH  STRUTHER8, 

GEORGE  A.  PACKARD,  WILLIS  R.  WHITNEY. 


PLACER  DEPOSITS 

CHARLES  JANIN.  Chairman, 

F,  LYNWOOD  GARRISON. 
J.  J.  HAMLYN. 
W.  P.  HAMMON. 
ROSS  B.  HOFFMANN. 
HENNEN  JENNINGS, 
E.  B.  KIMBALL. 


CHESTER  F.  LBE^ 
H.  L.  MEAD. 
F.  L.  MORRIS. 
C.  H.  MUNRO. 
WILLIAM  a  NOYES. 
HENRY  C.  PERKINS. 
O.  B.  PERRY. 


HEINRICH  RIBS,  Chairman, 

CHARLES  P.  BERKBY,  Vit»-Chainnan,         GEORGE  F.  KUNZ,  Vie^^hairmam. 

EDWARD  W.  PARKER,  Vie0-<Jhairman, 

WILLIAM  C.  PHALEN,  80erHarv,  U.  S.  Bureau  of  Mines,  Waahinston,  D.  C. 

SAMUEL  W.  BEYER,  F.  R.  HEWITT,  WILLBT  G.  MILLER. 

H.  A.  BUEHLER,  F.  C.  HOOPER,  WILLIAM  B.  PHILLEP8. 

JOHN  A.  DRESSER.  C.  COLCOCK  JONES,  JOSEPH  HYDE  PRATT, 

R.  D.  GEORGE.  C.  G.  MEMMINGBR,  KENNETH  SBAVER, 

FRANK  L.  HESS,  BENJAMIN  L.  MILLER,  THOMAS  L.  WATSON. 

Mining  Qtdogy 

Chairman, 


L.  C.  GRATON, 

RALPH  ARNOLD, 
JOHN  M.  BOUTWELL, 
H.  A.  BUEHLER. 
MARIUS  R.  CAMPBELL, 
C.  R.  CORNING. 
M.  J.  ELSINQ. 
WnXIAM  H.  EMMONS. 
F.  LYNWOOD  GARRISON, 


JOHN  W.  FINCH,  Yiea-Xnuiiirman, 
Seeniaini*  Harrard  Gaologieal  Muaeum,  Cambridca,  MaM 


IRA  B.  JORALEMON. 
JAMES  F.  KEMP. 
HENRY  LANDES. 
ALFRED  C.  LANE. 
CHARLES  K.  LBITH. 
R.  V.  NORRIS. 
ARTHUR  NOTMAN. 
EZEQUIEL  ORDONEZ, 


R.  A.  F.  PENROSE.  Jb^ 
WILLIAM  B.  PHQXm. 
JOSEPH  HYDB  PRATT. 
HEINRICH  BIBS, 
RENO  H.  SALES, 
WILLIAM  Q.  SHARP, 
HBNRY  L.  SMYTH, 
J08IAH  B.  8PURB. 
M.  B.  WADS  WORTH.  ^ 
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benjamin 

TRUMAN  H.  ALDRICH.  Jb., 
HANS  C.  BEHR, 
B.  B.  BRIN8MADE, 
DOUGLAS  BUNTING. 
LOUIS  S.  GATES. 
CHABLES  CATLETT, 
FBBD  W.  DENTON. 
8TANL7  EA8TON, 
JAMES  R.  FINLAY. 
B.  C.  GEMMELL. 


MMng  M€(hod$ 

ROBERT  M.  CATLIN.  Chairman. 

F.  TILLSON.  SMTwtary,  FftnkUii  FnniAM,  N.  J. 


JOHN  GILLIE, 
WILLIAM  L.  HONNOLD. 
JAMES  E.  JOFLING. 
ROBERT  A.  KINZIE. 
HENRY  KRUMB. 
WILLIAM  H.  LEONARD, 
HENRY  LOUIS, 

JAMES  F.  McClelland, 

8EELBY  W.  MUDD, 
JAMES  B.  RISQUE, 


MOiNOR  ROBERTS, 
OSCAR  ROHN. 
GERALD  SHERMAN, 
HENRY  L.  SMYTH, 
BENJAMIN  W.  VALLAT, 
RUEL  C.  WARRINER, 
SAMUEL  D.' WARRINER. 
GEORGE  WEIR, 
DWIGHT  E.  WOODBRIDGE. 


MiUing  Methods 

ROBERT  H.  RICHARDS,  Ckalrmai^.  M.  K. 

CHARLES  E.  LOCKE.  a9cr§UuVt  MtM.  Inatituto  of 


EARL  8.  BARDWELL, 
H.  K.  BURCH. 
CHARLES  BUTTERS. 
QELASIO  CAETANI, 
WILLIAM  A.  CALDECOTT. 
JOHN  M.  CALLOW. 
CHARLES  A.  CHASE, 
DAVID  COLE. 
JOHN  V.  N.  DORR, 
ARTHUR  S.  DWIGHT. 


RUDOLPH  GAHL. 

H.  A.  GUESS, 

H.  C.  HOOVER, 

FREDERICK  LAIST, 

C.  B.  LAKENAN, 

W.  P.  LASS, 

CHARLES  W.  MERRILL, 

HENRY  S.  MUNROE, 

E.  H.  NUTTER, 

C.  Q.  PAYNE, 


RODGERS,  Vie^-Vkairman, 
Teohnology,  Boston,  MtM. 
JOHN  B.  PORTER, 
LEWIS  G.  ROWAND, 
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I.  INTRODUCTION 

The  Eoain  object  of  this  article  is  to  present  the  results  of  observations 
by  the  Copper  Queen  Consolidated  Mining  Co/s  geological  department 
as  an  addition  to  the  abeady  published  reports  on  the  Warren  district. 
Since  these  observations  relate  mostly  to  the  ore  deposits,  Uttle  will  be 
found  here  on  the  general  geology  that  has  not  been  covered  by  F.  L. 
Ransome's  admirable  work  on  the  Bisbee  Quadrangle.^  A  sunmiary 
of  this  very  important  part  of  the  study  of  the  camp  will  be  given,  how- 
ever, mainly  to  bring  out  the  new  facts  discovered  during  the  advance  in 
underground  development  and  the  latest  detailed  study  of  structures 
and  petrography  of  the  mining  area. 

II.  PHYSIOGRAPHY 

The  Mule  Mountains,  in  which  the  Bisbee  ore  deposits  occur,  consti- 
tute a  chain  with  a  northwest-southeast  axis  rising  abruptly  on  the  sides 
from  the  Sulphur  Springs  Valley  on  the  northeast,  as  shown  in  Plate  1, 
and  the  San  Pedro  Valley  on  the  southwest.  The  range  starts  at 
about  the  International  Boundary  near  Christianson's  ranch,  with  low 
hills  covering  a  width  of  1  or  2  miles,  and  extending  for  about  3  miles 
to  the  northwest.  Here  the  Gold  Hill  overthrust  fault  has  caused  an 
abrupt  rise  in  elevation  and  from  this  point  on  the  range  widens  out  and 
the  hiUs  become  very  much  more  rugged.  The  highest  point  is  about 
6  miles  farther.  The  total  length  of  the  range  from  the  International 
Boundary  is  about  23  miles  and  its  maximum  width,  about  opposite  the 
town  of  Bisbee,  is  10  miles.  The  range  finally  ends  at  Government 
Draw,  which  is  a  pass  about  2  miles  wide,  connecting  the  San  Pedro  and 
Sulphur  Springs  Valleys.    Beyond  this  the  Tombstone  hills  commence. 

The  range  is  divided  into  two  parts  by  Tombstone  Canyon,  a  deep 
canyon  running  through  the  southwest  side  of  the  range.  It  is  along 
this  canyon  that  the  Borderland  Route  road  takes  its  course,  and  in  which 
the  town  of  Bisbee  is  situated. 

Geologically,  also,  as  seen  in  Plate  1,  the  Mule  Mountains  are  roughly 
divided  by  Tombstone  Canyon  into  two  parts.  To  the  southwest  is  the 
pre-Cretaceous  tract  and  to  the  northeast  the  Cretaceous.  The  differ- 
ence in  the  two  tracts  is  very  marked  physiographically.  The  pre-Cre- 
taceous is  very  much  cut  up  and  is  formed  of  rocks  of  diverse  compositions, 
consisting  of  schists,  granites,  shales,  and  limestones.  These  rocks,  when 
subjected  to  erosion,  form  a  Tugged  topography  with  deep  canyons  and 
steep  cliffs.  The  Cretaceous  tract,  on  the  contrary,  is  uniform  in  com- 
position, constituted,  for  the  most  part,  by  soft  sandstones,  conglomerates, 


*  Geology  and  Ore  Deposits  of  the  Bisbee  Quadrangle,  Professional  Paper  of  the 
V.  8.  Geologiad  Survey,  No.  21  (1904). 
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and  shales,  which  are  but  little  faulted.  The  topography  carved  from 
them  is  characterized  by  gently  sloping  hills  and  draws  with  almost  no 
clifis  or  deep  valleys  in  evidence. 

III.  INTRODUCTORY  GEOLOGY 

The  oldest  rocks  of  the  range  are  pre-Cambrian  schists  and  an  intruded 
granite,  which  are  separated  from  the  overlying  Paleozoic  beds  by  a  pro- 
foimd  unconformity. 


_rT0MB5T0Nt,  hills;  .      Z  y^^ 


GEOLOGIC  SKETCH  MAP 
MULE  MOUNIAINS 
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Plate  1. — Geological  Map  op  the  Mule  Mountains. 

The  Paleozoic  beds  represent  an  era  of  apparently  uninterrupted 
deposition  of  sediments,  starting  with  440  ft.  of  quartzites  having  a 
basal  conglomerate,  followed  by  Cambrian  limestones,  Ordovici&n- 
Silurian  quartzite,  Devonian  and  Carboniferous  limestones.  The  total 
thickness  of  the  Paleozoic  beds  is  approximately  5,000  ft. 
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At  the  end  of  the  Carboniferous  era  a  violent  uplift  took  place  accom- 
panied by  extensive  faulting  and  intrusion  of  granite  porphyry.  During 
this  uplift,  and  intimately  associated  with  the  intrusion,  mineralizing 
solutions  arose  from  which  originated  the  orebodies  of  the  camp. 

Following  this  came  a  long  period  of  erosion,  which  ended  with  a  rapid 
subsidence,  during  which  time  4,500  to  5,000  ft.  of  Cretaceous  sandstones, 
shales,  and  limestones  were  deposited. 

At  the  end  of  Cretaceous  time  a  gentle  uplift  took  place,  lifting  the 
range  again  above  sea  level.  This  was  accompanied  by  some  intrusion 
of  rhyolite  and  monzonite. 

During  Tertiary  and  Quaternary  ages,  this  land  area  was  subjected 
to  erosion,  resulting  in  the  present  topography,  the  detritus  filling  in  both 
the  valley  of  the  San  Pedro  and  of  the  White  River,  one  on  each  side  of 
the  range. 

IV.  ROCKS  OF  THE  DISTRICT 

4 

A.  Sedimentary  Rocks 

Reference  to  Plate  2,  showing  a  generalized  geologic  section,  will  help 
make  clear  the  following  description. 

Pinal  Schist 

Name. — ^The  oldest  rock  of  the  district  is  the  Pinal  Schist.  It  is 
composed  of  a  imif  orm  series  of  thinly  laminated  siliceous  mica  schists 
of  unknown  thickness.  From  the  similarity  in  texture  and  stratigraphic 
relation  to  the  later  sediments,  it  has  been  correlated  by  Ransome^  with 
the  underlying  schistose  complex  of  the  Pinal  Range,  which  he  called  the 
Pinal  Schist. 

Disiribuiion  and  General  Strttcture. — The  Pinal  Schist,  being  the  basal 
crystalline  rock  ui^on  which  rest  all  the  younger  formations  of  the  district, 
is  exposed  everywhere  that  erosion  has  stripped  them  ofif,  and  is  encoun- 
tered underground  on  sinking  through  them. 

The  best  surface  exposures  are  northeast  of  Mule  Gulch  and  to  the 
southwest  of  Tombstone  Canyon.  Smaller  exposures  are  also  found 
about  1  mile  to  the  northwest  of  the  town  of  Don  Luis.  Underground 
it  is  exposed  where  the  Dividend  Fault  is  cut,  both  in  Copper  Queen  and 
in  Denn  ground.  It  also  is  found  as  dragged-in  fragments  in  the  contact- 
breccia  mass  around  Sacramento  Hill. 

Lithology. — ^The  color  varies  from  light  to  dark  gray,  with  tinges  of 
green  on  fresh  surfaces,  and  rusty  in  weathered  specimens.  The  cleav- 
age is  rather  imperfect,  having  a  shiny  satin-like  surface. 

The  microscope  shows  the  rock  to  be  composed  mainly  of  quartz  and 
sericite.    Sometimes  the  sericite  is  replaced  in  part  by  penninite,  chlorite, 

*  Loc,  cit.j  p.  24. 
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or  serpentine.     Folded  into  the  schist,  and  forming  an  integral  part  of 


Origin  and  Age. — The  age  of  the  Pinal  Schist  is  assumed  to  be  the 
same  as  for  the  Final  Schist  of  the  Globe  district  which  Ransome*  has 
shown  to  be  derived  from  arenaceous  sediments,  probably  of  A^onkian 
age.  Both  at  Globe  and  at  Bisbee  a  profound  unconformity  exists 
between  it  and  the  overlying  Paleozoic  beds. 

COLUMNAR    SECTION 


Plate  2  — General  z 


Bolsa  Quarlzite 

Name. — The  name  of  this  formation,  as  well  as  those  for  all  other 
formations  in  the  district,  were  given  by  Ransome*  and  have  been  gener- 
ally adopted, 

DistribuUon  and  General  StTatigraphy. — This  Bolsa  Quartzite  lies  on 
an  evenly  eroded  plain  of  Pinal  Schiat.  The  main  exposures  of  this  for- 
mation are  southwest  of  Eacabrosa  Ridge,  especially  in  Bolsa,  Abrigo, 
and  Quarry  Canyons.     In  the  last-named  canyon  a  complete  iinfaulted 

•  U.  S.  Geological  Survey,  Globe  Folio,  No.  Ill,  p.  2. 
'  Loe.  cit.,  p.  28. 
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section  occurs.  Underground,  the  formation  has  been  cut  by  diamond- 
drill  holes  from  the  bottom  of  the  Irish  Mag  shaft,  and  also  by  the  work- 
ings from  the  Wade  Hampton  shaft. 

Lithology. — ^At  the  base  of  the  formation  is  a  well-marked  basal  con- 
glomerate, much  iron-stained,  containing  pebbles  consisting  mostly  of 
white,  well-rounded  quartz  of  up  to  a  4-in.  diameter,  and  averaging  about 
1  in.,  the  cementing  material  consisting  of  subangular  sand.  In  the 
northwestern  part  of  Tombstone  Canyon  some  pebbles  of  porphyritic 
rock  are  found,  together  with  some  rounded  crystals  of  feldspar.  These 
feldspar  crystals  consist  of  pink  microcline  and  microperthite,  such  as 
are  found  in  the  Juniper  Flat  granite  less  than  a  mile  away.  These 
feldspars,  notwithstanding  their  being  subject  to  such  long  exposure, 
are  still  relatively  fresh. 

The  next  100  ft.  of  the  Bolsa  shows  alternating  beds  of  fine  conglomer- 
ates and  quartzites,  with  some  arkose  beds.  Then  follows  a  finer  whitish 
quartzite  with  frequent  cross-bedding,  succeeded  by  some  massive,  dense 
beds  of  a  maroon-colored  quartzite.  The  total  thickness  of  the  Bolsa 
Quartzite  as  measured  in  Quarry  Canyon  is  440  ft. 

Age. — ^No  fossils  have  been  found  in  the  Bolsa  except  sparse  worm 
tracks  near  the  top,  but  as  the  next  formation  lies  conformably  on  top  of 
it  and  shows  middle  Cambrian  fauna,  the  Bolsa  has  been  assumed  as 
lower  or  middle  Cambrian. 

Abrigo  Limestone 

DistribiUion  and  General  Stratigraphy. — The  Abrigo  formation  follows 
the  Bolsa  Quartzite  conformably,  and  is  the  first  fossil-bearing  formation 
in  the  district. 

The  best  exposure  of  Abrigo  limestone  is  found  on  the  northern  slope 
of  Mount  Martin,  where  a  complete  unfaulted  section  is  obtainable. 
Large  areas  of  Abrigo  are  also  found  on  the  southwestern  slope  of  Esca- 
brosa  ridge  in  Abrigo,  Moon,  and  Bolsa  Canyons,  but  the  formation  is  here 
badly  faulted.  Small  areas  are  also  found  in  Quarry  Canyon,  north 
of  Don  Luis,  and  on  the  southern  slope  of  the  range  from  Mount  Reilly 
to  Gold  Hill.  As  the  beds  are,  for  the  most  part,  soft  shales  and  shaly 
limestones,  good  exposures  are  rare,  the  formation  being  usually  covered 
by  talus. 

Underground,  the  Abrigo  formation  is  cut  by  the  lower  levels  of  all 
the  mines  from  the  Higgins  to  the  Briggs,  but  in  most  of  them  only  the 
top  100  ft.  of  rock  has  been  cut.  At  the  Spray,  Oliver,  and  Irish  Mag 
shafts,  however,  the  formation  has  been  cut  by  their  lower  workings  to 
a  depth  of  400  ft.  below  its  top,  and  diamond-drill  holes  from  the  Irish 
Mag  shaft  have  penetrated  into  the  Bolsa.  At  the  White  Tail  Deer  and 
Wade  Hampton  shafts  the  lower  beds  have  also  been  cut.  No  complete 
section,  however,  has  been  exposed  underground.  Measured  at  Quarry 
Canyon  the  thickness  of  the  Abrigo  was  found  to  be  798  ft. 
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Geological  section  of  Abrigo  at  Quarry  Canyon: 

Thin  shales,  greenish-gray  to  pink-brown,  highly  epidotised  . .  0-72 

Gray  broken  calcareous  limestone,  epidotised 72-83 

Shaly  calcareous  sandstones 83-112 

Medium-grained  greenish-gray  limestone  with  epidotised  beds  112-132 

Pure  fine-grained  pinkish-gray  limestone 133-134 

Arenaceous  pinkish-gray  shales 134-136 

Purer  fine-grained  dark-gray  limestone 136-139 

Light-green  shales 139-141 

Fine-grained  limestone,  thin  wavy  bands  of  epidote 141-146 

Green  shales 146-151 

Succession  of  impure  lime  and  shales 151-183 

Fine-grained  gray  limestone,  beds  of  epidote  H  to  1  in.  thick.  183-229 

Purer  light-gray  limestone 229-245 

Coarse  sandy  limestone  with  epidotised  beds 232-245 

Thin  greenish  shales 245-253 

Coarse  limestone,  very  fossiliferous  (worm  tracks) 253-261 

Arenaceous  green  limestone 261-278 

Coarse  limestone,  thin  epidotised  bands,  some  purer,  2^.  beds 

forming  steps  on  surface 278-412 

Impure  limestone  green  to  brown,  thin  wavy  bands  of  epidote 
very  characteristic  on  surface  by  the  weathering  out  of  the 

epidote 413-497 

Shaly  arenaceous  limestones 497-621 

Coarse  gray  arenaceous  limestone 521-629 

Coarse  light-gray  crystaline  sandy  limestone 629-684 

Coarse  cherty-banded  crystalline  white  bed-forming  cliff 684-700 

Sandy  even-grained  limestone  and  quartzite 700-798 

The  Abrigo  formation  consists  of  a  series  of  shales  and  argillaceous 
and  sandy  limestones,  with  bands  of  epidote.  These  epidote  bands 
weather  out  on  exposure  to  the  atmosphere,  giving  the  formation  a  char- 
acteristic cherty  banded  appearance.  In  the  top  beds  there  are  a  few 
bands  of  true  chert.  Undergroimd,  this  epidote  appears  as  greenish 
bands  giving  a  wavy  banding  which  readily  distinguishes  it  from  all  other 
formations,  when  the  beds  are  fresh.  About  100  ft.  from  the  top  there 
exists  a  16-ft.  bed  of  pure  white  limestone  which  formis  a  rather  prominent 
cliff  when  encountered  on  the  surface. 

Capping  Quartzite 

Lying  on  top  of  the  Abrigo,  and  with  no  apparent  angular  uncon- 
formity, is  a  persistent  bed  of  pure  quartzite  varying  in  color  from  white 
to  dark  red,  and  varying  from  6  in.  to  12  ft.  in  thickness,  and  locally  called 
the  Capping  Quartzite. 

Distrihvtion. — This  quartzite  being  more  resistant  than  the  underlying 
and  overlying  beds,  is  exposed  wherever  the  Abrigo  outcrops,  as  a  small  cliff 
or  shelf.  One  well-marked  exposure  is  found  to  the  east  of  Black  Gap,  where 
it  runs  up  the  side  of  the  hill  apparently  as  a  siliceous  dike.  Other  good 
exposures  are  found  on  Mt.  Martin,  and  southwest  of  Escabrosa  Ridge. 
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Underground,  this  bed  is  important  as  a  marker.  Due  to  its  character, 
it  is  resistant  to  metamorphism,  and  may  be  recognized  easily  even  when 
the  rest  of  the  sediments  have  been  completely  changed.  Its  thinness, 
however,  tends  to  make  it  elusive,  as  a  small  fault  frequently  will  throw 
it  out  of  an  otherwise  perfect  section. 

Age, — As  one  travels  north  through  the  State,  this  formation  becomes 
thicker,  and  in  the  Globe  district  it  attains  a  thickness  of  500  to  700  ft., 
wtule  that  of  the  underlying  Umestone  has  decreased  to  200  ft.  Here 
there  is  a  well-marked  evidence  of  an  unconformity  between  the  lime- 
stone, which  is  capped  by  a  flow  of  basalt  of  varying  thickness,  and  the 
overlying  Troy  Quartzite,  which  is  conglomeratic  at  its  base.  While 
no  fossil  evidence  is  available,  its  relation  to  the  overlying  and  underl3ring 
formations  seems  to  indicate  that  it  is  probably  of  Silurian  age,  and  that 
the  Ordovician  is  represented  by  a  period  of  erosion,  when  the  area 
studied  was  very  Httle  above  sea  level,  since  there  is  no  apparent  angular 
unconformity  below  or  above  this  formation. 

Martin  Limestone 

Lying  conformably  above  the  Capping  Quartzite  is  300  ft.  of  limestone 
known  as  the  Martin  Umestone. 

Distribution. — The  exposures  of  the  Martin  Umestone  are  widespread, 
especially  along  Escabrosa  Ridge,  north  of  Moore  Canyon,  in  Abrigo 
Canyon,  Escacado  Canyon,  and  on  the  southern  slopes  of  the  hills  east 
of  Mt.  Reilly.  Owing  to  the  fact  that  the  overlying  Escabrosa  Umestone 
is  a  prominent  cliff-forming  bed,  the  exposures  are  apt  to  be  talus- 
covered.  The  best  complete  sections  are  obtained  on  the  northern  slope 
of  Mt.  Martin,  and  to  the  east  of  Black  Gap.  Underground,  it  is  the 
formation  most  frequently  cut  of  any  in  the  ore  zone.  For  this  reason 
it  is  usuaUy  difficult  to  recognize  from  its  Uthological  chara,cteristics. 
The  formation  is  so  rich  in  fossils,  however,  that  even  when  much  altered, 
a  diUgent  search  will  yield  some  trace  of  them.  The  formation  is 
encountered  underground  in  every  mine  in  the  district  except  the  Wade 
Hampton,  which  is  entirely  in  Cambrian,  and  the  Denn  which  did  not 
sink  deep  enough  to  strike  it.  The  outcrop  of  this  formation  was  first 
found  in  the  Queen  opencut  near  its  top,  and  it  has  been  encountered 
at  progressively  lower  levels  from  here  down  to  the  1,600-ft.  level  of  the 
Lowell,  and  the  1,500-ft.  level  of  the  Briggs. 

LUhology, — The  Martin  Umestone  is  the  most  constant  formation,  both 
in  respect  to  thickness,  and  character,  of  any  in  the  district.  Plate  3 
shows  a  comparison  of  sections  obtained  over  widely  scattered  parts  of 
the  district.  As  is  seen,  the  formation  as  a  whole  is  made  up  of  fairly 
dense  dark-gray  limestone  with  occasional  shaly  and  sandy  members, 
but  all  with  enough  Ume  present  to  be  called  Umestone.  It  is  all  more 
or  less  fossiliferous,  and  some  beds  are  extremely  so.  The  charac- 
teristic fossils  are  three  brachiopods,  one  a  spinfer,  one  an  atrypa,  and 
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one  a  schiaophoris,  which  all  attain  a  length  of  about  M  to  K  ■"■; 
they  tend  to  weather  out  on  both  surface  and  underground  exposures. 
When  the  rock  is  altered,  these  fossils  tend  to  resist  metamorphism  to  a, 


remarkable  degree,  and  it  is  not  at  all  rare  to  find  almost  perfect  fossils 
left  in  a  soft  mass  of  completely  altered  limestone.  These  fosuls,  how- 
ever, are  frequently  found  completely  pyritized  when  the  aurrounding 
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limestone  is  untouched.  In  one  case,  within  a  completely  oxidized  ore- 
body  of  the  Martin,  fossils  were  found  almost  perfect  in  form  but  com- 
pletely replaced  by  azurite.  Fortunately,  the  fossiliferous  beds  them- 
selves seem  to  be  more  easily  replaced  by  ore  solutions,  so  that  where 
metamorphism  is  most  complete,  some  fossil  evidence  may  usually  be 
found. 

The  upper  beds  of  the  formation  have  few  brachiopods,  but  are  almost 
made  up  of  corab.  On  altering,  these  beds  tend  to  take  a  pseudo  wavy 
banding,  which  makes  it  difficult  to  distinguish  from  the  Abrigo.  The 
succession  of  beds  in  these  cases  is  the  only  determining  factor. 

The  Martin  limestone  is  not  a  pure  limestone  by  any  means.  Almost 
the  whole  series  is  more  or  less  dolomitic,  more  so  than  any  other  forma- 
tion in  the  range.  It  is  also  much  more  aluminous  than  a  superficial 
examination  would  lead  one  to  suppose.  The  silica  content  is  also  high. 
Characteristic  partial  analyses  of  unaltered  specimens  of  Abrigo  and 
Martin  limestones  from  both  surface  and  tmderground  exposures  are 
given  in  Table  1.  These  determinations  were  made  at  the  Copper  Queen 
assay  office. 

Table  1. — Ancdyaes  of  Unaltered  Abrigo  and  Martin  Limestones 


Abrigo 


Martin 


Mt.  Martini  Section  Underground 


Shales 

72-232 

ft. 

abo^e 

bate 

232- 

521  ft. 

above 

ba«» 

521- 

700  ft. 

above 

baae 

Cherty 
Lime- 
atone 
1.357 
Drift   ; 

Black 
Gap« 

500  Level  Uncle 
Sam  Mine* 

2651 
Drift 

1.300' 
Dallas 

1,200* 
Dallaa 

1,000> 
Cole 

SO,... 

68.6 

30.8      35.3 

16.1 

49.4 

10.3 

1 
39.4    46.0 

21.7    15.5'  45.5 

35.5 

25.2 

AlK)i.. 

9.1 

4.0 

3.0 

2.1 

4.5  , 

2.0 

9.i;   10.8 

6.5>     3.5;   12.9 

5.0 

5.9 

MfO... 

4.6 

3.6 

2.3 

1.7 

2.4 

14.2 

8.8      4.4    13.8'  22.9 

3.8 

5.4 

8.5 

CtO. . . 

9.8 

33.5 

31.5 

38.9 

17.8 

28.5 

6.0 

10.5 

17.8,   10.7 

13.1 

26.7 

24.7 

Pe 

5.1 

2.7 

2.8 

1.5 

2.2 

1.2 

3.7 

3.2 

2.0 

1.8 

3.0 

2.1 

1.8 

8 

•  •  « 

•  •  •  • 

•  •  ■  • 

0.2 

0.6 

0.2 

1.5 

0.4 

0.7 

1.3      1.9 

0.8 

0.8 

Mn.... 

•  •  • 

•  •  •  • 

•  •  •  ■ 

•  •  •  • 

•  •  •  ■ 

•  •  •  • 

0.6 

0.4 

0.4 

0.3 

'  Bottom  beda.     *  100  ft.  above  Capping  Quartxite.     *  Somewhat  metamorphoeed.     *  Composite 
of  Motion.    •  200  to  300  ft.  above  Capping  Quartiite. 

As  is  seen,  the  two  formations  are  of  about  the  same  purity,  but  the 
Abrigo  contains  more  silica  than  the  Martin.  The  Martin,  however, 
is  much  more  dolomitic,  and  the  lower  beds  are  very  shaly.  The  com- 
posite from  Black  Gap  shows  that  on  the  whole  it  is  a  fairly  pure  dolo- 
niite,  with  only  13  per  cent,  of  silica,  alumina,  and  iron;  The  impure 
beds  are  chiefly  at  the  bottom  100  ft.  and  the  top  50  ft.  of  the  formation. 

Age. — The  age  of  the  Martin  has  been  well  established  by  good  fossil 
evidence  as  Devonian.  The  best  exposition  on  the  correlation  of  these 
beds  is  found  in  the  previously  nientioned  Ransome's  report  on  the 
Bisbee  Quadrangle. 
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Escabrosa  Limestone 

Distribution. — The  best  surface  exposures  of  this  forEoation  are  on 
Escabrosa  Ridge  from  Mt.  Martin  to  Mt.  Reilly,  and  on  the  southern 
slopes  of  the  hills  from  Mt.  Reilly  to  Gold  Hill.  The  formation  again 
appears  to  the  northward  on  Escabrosa  Ridge  southwest  of  the  Modern 
mine,  and  an  excellent  section  is  obtained  from  where  the  Borderland 
Route  turns  out  of  Tombstone  Canyon  into  the  San  Pedro  Vafley. 
Underground,  the  formation  is  cut  by  all  the  shafts  from  the  Czar  to  the 
Briggs.  It  is  usually  in  the  oxidized  portions  of  the  mines,  and  as  a  con- 
sequence exposures  are  not  very  good. 

The  best  exposures  found  are  at  the  Junction  and  Sacramento  mines. 
At  the  Jimction,  workings  cut  the  formation  from  the  top  to  the  bottom. 
Here,  except  for  marbleization,  the  exposures  are  good,  as  oxidation  has 
not  penetrated  nearly  as  deep  as  in  the  other  mines  of  the  camp.  At 
the  Sacramento,  exposures  are  obtained  of  the  bottom  300  ft.,  but 
marbleization  has  so  altered  the  formation  that  they  are  not  good. 

Lithology. — ^The  Escabrosa  and  Naco  formations  represent  really  one 
period  of  deposition  during  Carboniferous  time.  The  division  of  the 
formation  as  a  whole  into  Escabrosa  and  Naco  is  largely  an  arbitrary 
matter.  Roughly  it  is  divided,  from  the  fossil  evidence,  into  Mississip- 
pian  and  Pennsylvanian,  the  former  locally  called  Escabrosa,  and  the 
latter  Naco.  This  line  of  subdivision  lies  at  approximately  800  ft.  above 
the  top  of  the  Martin  formation.  In  this  paper  the  thickness  of  the 
Escabrosa  has  arbitrarily  been  taken  as  768  ft.  irrespective  of  fossil 
evidence.  Following  is  a  detailed  section  of  Escabrosa  taken  at  Mt. 
Martin  and  northeast  of  the  White  Tail  Deer  shaft. 

Feet 

Coarse  crystalline  pink  non-f ossilif erous  limestone 0-6 

Pinkish-white  to  gray  medium-grained  6-in.  to  12-in.  beds 6-60 

Massive  grayish-white  coarse  f ossilif erous  cliff  beds 60-149 

Thin  gray  beds  medium  fine-grained  f ossilif  erous 140-145 

Coarse  massive  grayish  fossiliferous  cliff  bed 145-185 

Thin  fine-grained  fossiliferous  gray  beds 185-312 

Pine-grained  grayish-white  cherty  banded  (}^  in.  to  3  in.) 312-479 

Coarse  massive  white  cliff  beds  fossiliferous 479-556 

Fine-grained  thin-bedded  fossiliferous 556-608 

Brown  cherty  fossiliferous  limes 608-616 

Grayish  fine-grained  thin-bedded  fossiliferous 616-648 

Pinkish  beds  medium-grained  with  some  chert 648-686 

Fine-grained  thin-bedded  soft  grayish 686-758 

Massive  dark-gray  medium-grained 758-768 

The  Escabrosa  limestone  rests  conformably  on  the  Martin  limestone 
wherever  exposed.  The  6-ft.  pink  non-f  ossilif  erous  bed  forming  the 
bottom  member  serves  in  unaltered  groimd  as  an  excellent  marker.  The 
pure  coarse  crystalline  bed  following  is  the  most  commonly  exposed 
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member  of  all,  forming  as  it  does  the  steep  and  rugged  cliffs  of  Escabrosa 
and  Higgins  Ridges.  At  the  Mt.  Martin  and  the  White  Tail  Deer  sec- 
tions;  it  contains  very  little  chert  and  abundant  crinoid  stems.  Under- 
ground exposures  appear  to  contain  considerably  more  chert  in  this 
horizon.  In  fact,  the  presence  or  absence  of  chert  beds  seems  to  be  very 
local;  and  untrustworthy  in  identifying  a;iy  particular  horizon.  Above 
this  first  180-ft.  cUff-forming  horizon  is  a  soft  series  of  more  dense  fine- 
grained beds  with  some  chert,  followed  by  127  ft.  of  extremely  cherty 
banded  medium-grained  limestone,  which  seems  to  be  very  persistent. 
Above  this  is  a  second  thinner  cliff-forming  horizon  77  ft.  thick,  followed 
by  dense,  relatively  impure  limestone,  varying  in  color  from  brown  to 
gray  with  quite  abundant  chert  nodules.  There  is  no  definite  marker 
between  the  Escabrosa  and  Naco.  As  previously  stated,  the  Escabrosa 
is  given  arbitrarily  a  thickness  of  768  ft. 

Naco  Limestone 

Distribution. — This  limestone  is  generally  exposed  on  the  top  of  the 
hills  from  Queen  Hill  to  the  east,  and  extends  over  the  productive  area 
from  the  Irish  Mag  shaft  continuously  east  until  covered  by  the  later 
conglomerate.  Good  exposiures  of  Naco  are  also  found  at  the  norther- 
most  range  of  hills  just  south  of  Government  Draw,  and  on  Escabrosa 
Ridge  from  the  Modem  mine,  to  the  northwest,  where  it  is  finally 
covered  by  Quaternary  wash.  The  best  and  least  faulted  section  of  the 
formation  is  found  in  the  Naco  Hills  about  3  miles  west  of  the  town  of 
Don  Luis.  Underground  it  is  cut  by  all  the  shafts  from  the  Irish  Mag 
eastwards.  Practically  no  drifts,  however,  have  been  driven  in  this 
horizon,  except  possibly  at  the  upper  levels  of  the  Junction  mine,  and  the 
200-ft.  level  of  the  LoweU. 

Lithology. — A  thickness  of  1,500  ft.  has  been  measured  in  the  Naco 
Hills.  Assmning  that  the  formation  has  been  half  stripped  off  we  get 
a  probable  former  thickness  of  at  least  3,000  ft.  Compared  with  the 
Escabrosa  limestone,  it  is  generally  thinner  bedded,  and  very  much  finer 
grained,  and  contains  some  distinctly  shaly  members,  especially  in  the 
upper  portions.  Some  coarse-grained  beds  do  exist,  however,  which 
without  fossil  evidence  would  be  impossible  to  distinguish  from  the 
Escabrosa.  Abundant  crinoids  exist  as  in  the  Escabrosa,  but  large 
brachiopods  and  cephalopods  are  much  more  in  evidence.  The  most 
common  and  characteristic  Naco  fossil  is  a  large-sized  member  of  the 
productus  family. 

Cretaceoits  Deposits 

Glance  Conglomerate. — Resting  on  an  extremely  uneven  erosion  sur- 
face of  Paleozoic  beds,  schist  and  granite,  is  deposited  the  Glance 
Conglomerate.  This  formation  is  exposed  over  almost  the  whole  of  the 
southern  end  of  the  range. 

Lithology. — ^This  conglomerate  is  made  up  of  partially  rounded  frag- 
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ments  of  schist,  porphyry,  both  fresh  and  sericitized,  quartnte,  and 
limestone.  These  fragments  vary  in  size  from  ^  in.  to  3  ft.  diameter 
and  are  loosely  compacted.  Almost  no  cementing  material  exists.  The 
conglomerate  as  a  whole  is  stained  a  deep  brown.  The  thickness  varies 
from  nothing  up  to  1,000  ft.,  depending  on  the  old  erosion  surface.  Where 
this  old  surface  was  fairly  well  worn  down,  as  north  of  the  Dividend  Fault 
and  on  top  of  the  Juniper  Flat  granite  mass,  the  formation  is  a  typical 
basal  conglomerate  with  rounded  pebbles  cemented  with  sand. 

Age. — ^The  age  of  the  formation  is  either  late  Jurassic  or  early 
Cretaceous. 

Moritaf  Mural  and  Ciniura  Formations. — ^For  a  more  detailed  descrip- 
tion of  the  Cretaceous  beds  above  the  Glance  Con^omerate,  Ransome's 
report  may  be  referred  to.  As  these  beds  occur  outside  the  productive 
area,  no  additional  study  was  made  of  them.  The  Morita  consists  of  a 
series  of  buff  and  tawny  sandstones,  shales  and  calcareous  sandstones,  con- 
taining spanse  fossil  remains,  and  measuring  1,800  ft.  in  thickness.  This 
is  overlain  conformably  by  650  ft.  of  limestone  with  a  50  to  200-ft.  mem- 
ber of  pure  Umestone  containing  abundant  Cretaceous  fossils. 

The  Mural  is  followed  by  the  Cintura  formation,  consisting  of  beds 
almost  identical  with  those  of  the  Morita,  with  a  thickness  of  1,800  ft, 
plus  an  unknown  amount  eroded  off.  These  Cretaceous  beds  cover 
about  two-thirds  of  the  range,  nearly  the  whole  area  northeast  of  Tomb- 
stone Canyon  and  Mule  Gulch,  and  are  finally  buried  beneath  the 
Quaternary  wash  of  Sulphur  Springs  Valley. 

B.  Igneous  Rocks  of  the  District 

The  most  important  igneous  rocks  of  the  district,  those  of  granitic 
composition,  have  been  grouped  together  in  the  United  States  Geological 
Survey  pubUcations  on  this  region,  and  have  all  been  ascribed  to  the  same 
magma  and  general  period  of  eruption,  although  differences  in  composition, 
texture  and  field  relations  were  noted.  Notman^  has  already  separated 
the  granite  and  the  porphyritic  rocks  by  placing  the  first  in  the  pre-Cam- 
brian,  and  Boutwell  has  found  a  basic  variety  of  porphyry  underground 
and  on  surface,  which  corresponds  probably  to  the  post-Cretaceous  dike 
described  by  Ransome  from  the  Glance  mine,"  this  latter  being  a  rock 
easily  distinguished  from  the  other  porphyry. 

Careful  search  for  field  and  petrographic  evidence  has  yielded  results 
which  allow  the  following  classification  of  the  igneous  rocks  of  the  War- 
ren district. 

Pre-Carnbrian  Oranite 

On  Juniper  Flats  and  along  the  north  side  of  Tombstone  Canyon,  a 
mass  of  granite  is  exposed  which  forms  the  center  of  the  Mule  Moun- 

*  Transactions  of  the  Institute  of  Mining  and  MetttUurgy,  vol.  22,  pp.  550-562  (19U). 

•  U.  S.  Geological  Survey,  Professional  Paper  No.  21,  p.  84  (1904). 
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tains.  The  rock  is  a  pink  or  purplish-gray  coarse-grained  granite  whose 
component  minerals  are  quartz,  orthoclase,  microcline,  a  httle  biotite  and 
plagioclase  feldspar.  Accessory  minerals  can  be  seen  only  under  a  micro- 
scope in  thin  section,  such  as  apatite,  magnetite,  zircon  and  tourmaline. 
The  orthoclase  contains  microperthitic  intergrowths  of  albite,  and  dusty 
inclusions  of  iron  oxides. 

This  rock  corresponds  exactly  to  that  described  by  Ransome  as  the 
Juniper  Flats  Granite,  an  analysis  of  which  is  given  in  Professional  Paper 
No.  21  of  the  United  States  Geological  Survey,  as  follows: 

Per  Cent.  Per  Cent. 

SiO, 76.86  Na,0 3.60 

AljO, 12.17  K,0 6.04 

Fe,0, 0.85  H,0- 0.27 

FeO 0.36  HiO-h 0.72 

MgO None  TiO, 0.21 

CaO 0.62                                                  


99.70 


There  are  on  Juniper  Flats  some  porphyritic  alaskite  dikes  that  seem 
to  be  directly  related  to  the  granite,  but  aside  from  these,  all  other 
porphyritic  rocks  here  have  not  been  ascribed  pre-Cambrian  age. 

Field  Relations, — The  Juniper  Flats  granite  has  been  found  cutting 
only  Pinal  Schist,  and  while  it  has  not  been  found  directly  overlain  by 
Paleozoic  sediments  but  covered  directly  by  Cretaceous,  pebbles  of 
microchne  and  of  microperthite  granite  have  been  found  at  the  base  of  the 
Cambrian  quartzite.  This  granite  nowhere  cuts  the  Paleozoic  sediments, 
but  it  is  itself  extensively  intruded  by  dikes  and  irregular  masses  of  the 
later  porphyries  that  do  penetrate  the  sedimentaries.  These  observa- 
tions, as  well  as  the  similarity  of  this  granite  to  other  pre-Cambrian 
^anites  in  Arizona  has  led  to  the  belief  that  the  intrusion  took  place 
before  the  beginning  of  the  Paleozoic. 

In  the  area  economically  exploited  in  the  district  for  copper,  the 
Juniper  Flats  granite  has  not  been  found,  and  the  only  ore  associated 
with  the  rock  comes  in  fissure  veins  filled  with  quartz  and  some  fluorite 
with  pockets  rich  in  gold. 

Pre-Cretaceous  Granite  Porphyry 

The  most  important  igneous  rock  in  the  district  is  the  granite  por- 
phyry that  is  associated  with  most  of  the  orebodies,  and  whose  largest 
outcrop  is  the  mass  of  Sacramento  and  Copper  King  Hills  in  Bisbee. 

Distribvlion. — On  surface  this  rock  is  found  abundantly  in  the 
southwest,  or  older  portion,  of  the  Mule  Mountains,  but  the  distribution 
is  by  no  means  even.  In  the  schist,  granite,  and  Cambrian  formations 
there  are  abundant  masses  of  porphyry  in  the  form  of  dikes  and  sills, 
while  in  the  Carboniferous  only  a  few  well-marked  dikes  are  found  be- 
sides the  main  stock  of  Sacramento  Hill. 

In  Juniper  Flats  and  on  Escabrosa  Ridge  there  is  abundant  granite 
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porphyry,  some  of  the  dikes  cutting  granite,  schist  and  Paleozoics  in 
their  course  from  the  north  to  the  south  side  of  Tombstone  Canyon. 
On  one  of  the  ridges  close  to  the  mouth  of  Tombstone  Canyon,  about 
opposite  the  old  Modem  mine  there  is  a  continuous  sill  of  granite  porphry 
several  hundred  feet  thick  in  Carboniferous  limestones.  This  sill  is 
remarkable  because  it  is  cut  by  dikes  of  rhyolite,  and  because  on  an  old 
erosion  surface  of  the  granite  porphyry  and  Carboniferous  limestones 
a  considerable  thickness  of  rhyohtic  lavas  has  accumulated. 

The  character  of  these  later  dikes  and  flows  is  exactly  the  same  as 
that  of  the  volcanic  plug  with  flow  structure  which  is  found  in  the  Naoo 
hills  and  is  mentioned  by  Ransome  in  his  report  on  the  district.  The 
relations  in  the  locaUty  at  the  mouth  of  Tombstone  Canyon  leave  little 
doubt  as  to  the  great  difference  in  age  between  the  granite  porphyry 
and  the  rhyolite,  as  the  erosion  surface  on  which  the  rhyolite  flowed  is 
probably  post-Cretaceous. 

In  the  mining  area  of  the  district  the  Sacramento  Hill  stock  has 
penetrated  between  the  Paleozoic  sediments  on  the  south  side  of  the  Divi- 
dend fault  and  the  schist  on  the  north.  The  outline  of  the  stock  is 
irregular,  and  extends  about  a  mile  from  north  to  south  and  an  equal  dis- 
tance along  the  fault.  The  only  other  porphyry  outcrop  of  any  size  in 
the  mining  area  is  the  Shattuck  dike,  which  runs  from  above  the  Spray 
mine  for  more  than  a  mile  westward.  Another  important  dike,  the  Sacra- 
mento, outcrops  a  few  isolated  places  in  the  Naco  limestone,  southward 
from  Sacramento  Hill  almost  to  the  Briggs  mine. 

In  the  underground  mine  workings,  the  relative  abundance  of  por- 
phyry intrusions  in  the  formations  lower  than  the  Carboniferous  holds 
about  the  same  as  on  surface.  Besides  the  main  mass  of  the  Sacra- 
mento Hill  intrusion  there  is  another  smaller,  laccolithic  mass  of  porphyry 
around  the  Lowell  mine.  This  body  is  connected  with  Sacramento  Hill 
and  Sacramento  dike  by  masses  of  porphyry,  none  of  which  reach  the 
present  surface,  but  which  spread  out  mostly  at  the  Carboniferous- 
Devonian  horizon.  This  mass,  with  its  accompanying  contact  breccia 
is  shown  in  Plate  6. 

The  mode  of  intrusion  of  the  granite  porphyry  and  its  relation  to  the 
structure  of  the  older  rocks  will  be  touched  upon  later.  It  will  be  enough 
to  state  here,  however,  that  the  intrusions  took  place  in  one  general 
period,  but  not  all  at  once,  nor  were  the  conditions  the  same  at  the  begin- 
ning and  end  of  the  eruptions,  or  the  composition  of  the  rock  exactly 
the  same.  Considerable  alteration  was  also  started  in  the  rocks  before 
the  last  porphyry  was  injected. 

Ldthology, — Although  there  is  abundant  fresh  granite  porphyry  in  the 
district  most  of  the  rocks  around  the  ore  zones  have  been  so  altered  by 
mineralizing  solutions  that  it  is  difficult  to  find  material  which  represents 
the  original  granite  porphyry  of  the  main  masses  associated  directly  with 
the  ores.    Fortunately,  the  alteration  processes  have  been  so  varied 


T.   S.  BONILLAS,  J.  B.  TENNET  AND  LEON  FEUCHiSRE  1413 

that  they  have  sometimes  left  untouched  some  of  the  phenocrysts,  at 
other  times  the  base,  so  that  from  various  sources  a  reconstruction  can 
be  made  of  what  was  for  a  short  time  the  rock  of  Sacramento  Hill  and  the 
Lowell  mass.    Of  the  dikes  fresh  rock  is  available. 

The  pre-Cretaceous  granite  porphyry  is,  when  fresh,  a  light-gray 
rock  weathering  to  a  light-red  color  on  surface.  It  has  abundant  pheno- 
crysts,  up  to  3^  in.  in  diameter  of  feldspar,  quartz  and  biotite,  the  relative 
amounts  of  these  being  variable.  The  base  is  a  fine-grained  mass, 
ahnost  glassy  at  times  and  composing  from  one-half  to  about  eight-tenths 
of  the  rock.  The  microscope  shows  that  the  rock  varies  from  a  typical 
granite  porphyry  to  a  rather  basic  monzonite  porphyry,  sometimes  in 
the  same  sill  or  dike.  The  main  masses  were  probably  of  the  more  acid 
variety,  with  well-developed  quartz  phenocrysts  that  have  embayments 
due  to  reabsorption.  There  are  no  noticeable  inclusions  in  the  quartz. 
In  the  more  basic  varieties  of  the  porphyry,  quartz  phenocrysts  become 
extremely  scarce. 

The  feldspar  phenocrysts  are  mostly  orthoclase  with  albite  and 
oligoclase  increasing  as  the  rock  becomes  more  basic.  The  orthoclase  is 
in  large  cr3rstals  when  it  predominates  and  in  small  ones  when  plagio- 
clases  are  abundant.  The  only  intergrowth  of  the  orthoclase  seen  is  in  the 
form  of  a  micropegmatite  with  quartz,  and  at  the  rim  of  some  large 
cr3rstals  in  the  dikes  where  an  aureole  of  quartz  and  orthoclase  usually 
forms  around  a  pure  orthoclase  of  quartz  center.  The  plagioclases 
are  all  between  albite  and  oligoclase  and  sometimes  are  in  greater 
abundance  and  size  than  the  orthoclase. 

Biotite  is  the  only  ferromagnesian  mineral  of  any  importance  and 
comes  in  large  well-formed  crystals  as  well  as  fine  shreds.  In  most  of  the 
porphyry  it  has  been  altered  before  any  other  minerals,  and  its  traces 
camiot  be  distinguished  megascopically,  but  in  some  of  the  more  basic 
varieties,  which  are  also  chloritized,  biotite  is  the  most  conspicuous 
phenocryst  mineral  and  gives  a  decidedly  dark  color  to  the  rock. 

The  base  of  the  porphyry  is  usually  a  cryptocrystalline  mass  of  quartz 
and  feldspar,  found  sometimes  with  a  micropegmatitic  intergrowth,  at 
other  times  with  incipient  spherulitic  growth  and  a  few  times  with  a 
holocrystalline  but  extremely  fine  crystallization. 

As  accessories,  there  are:  apatite  in  well-formed  needles  sometimes 
noticeably  abundant,  and  generally  in  the  biotites;  very  few  grains  of 
pyrite,  and  dusty  undeterminable  inclusions  in  the  feldspars. 

The  foregoing  description  of  the  unaltered  porphyry  is  rarely  appli- 
cable to  the  rock  encountered  in  the  mining  area,  as  the  porphyry  may  be 
fomid  in  the  form  of  a  white  mass  of  sericite  and  quartz,  or  a  dense  dark- 
green  rock  composed  mostly  of  serpentine  and  penninite,  with  all  varia- 
tions between.  These  characteristics  will  be  .considered  later  under 
metamorphism  and  mineralization. 

Age. — ^The  granite  porphyry  distinctly  cuts  the  Pinal  Schist,  granite 
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and  all  the  Paleozoic  sediments,  while  pebbles  of  the  altered  sericitized 
and  oxidized  porphyry  are  found  at  the  base  of  the  Cretaceous  Glance 
Conglomerate.  It  is,  therefore,  certain  that  the  age  of  intrusion  is  post- 
Carboniferous  and  pre-Cretaceous.  That  the  porphyry  intrusion  did 
not  take  place  all  at  once,  is  shown  by  dikes  of  the  slightly  more  basic 
varieties  cutting  the  contact  breccias  of  the  more  acid  ones.  This  dif- 
ference in  age  is  further  emphasized  by  differences  in  alteration,  but,  as 
will  be  shown  later,  there  is  no  reason  to  believe  that  there  was  any  great 
interval  of  time  between  the  porphjrry  injections,  but  that  they  all  belong 
to  the  same  general  period. 

RhyoUte 

This  rock  has  not  been  distinctly  recognized  in  the  mining  area  of 
the  Warren  district,  but  due  to  its  great  similarity  to  the  granite  porphyry 
it  may  have  been  confused  with  the  older  rock,  especially  where  both  are 
found  in  dikes.  The  rhyolite  from  the  mouth  of  Tombstone  Canyon, 
whose  field  relations  have  already  been  given,  is  a  gray  to  pink  rock  with 
decided  flow  structure  in  its  surface  forms..  Phenocrysts  are  not  abun- 
dant and  are  seen  under  the  microscope  to  be  entirely  quartz  and  ortho- 
clase,  in  an  aphanitic  or  cryptocrystalline  groundmass.  Some  of  the 
dikes  on  Escabrosa  ridge,  and  others  northeastward  from  the  mouth  of 
Tombstone  Canyon,  have  such  a  glassy  groundmass,  and  so  few  pheno- 
crysts  of  quartz  and  orthoclase,  that  they  may  very  well  be  of  the  late 
rhyolite,  especially  as  they  are  seen  to  cut  other  porphyritic  dikes  in 
places.  The  rhyolite  of  the  Naco  Hills  described  by  Ransome  is  probably 
of  the  same  age  as  that  at  the  mouth  of  Tombstone  Canyon.  / 

Age. — Unfortunately  no  information  is  available  at  present  for  placing 
the  age  of  the  rhyolite  any  closer  than  post-granite  porphyry.  An 
erosion  period  separates  the  two,  but  whether  it  is  the  pre-Cretaceous  or 
post-Cretaceous  one  cannot  be  definitely  stated. 

Other  Dike  Rocks 

Hornblende  Andesite, — ^At  a  few  scattered  places  on  the  surface,  and 
in.  the  Shattuck,  Cole,  Wade  Hampton  and  Wolverine  mines,  there  are 
dikes  of  a  dark-green,  fine-grained  rock,  which  is  seen  under  the  micro- 
scope to  be  composed  of  abundant  small  phenocrysts  of  andesineandlabra- 
dorite  and  a  few  of  hornblende,  in  a  microcrystalline  base  of  feldspar 
and  fine  magnetite  grains.  This  andesite  cuts  all  the  pre-<]!retaceous 
formations,  including  the  granite  porphyry,  but  its  relation  to  the  ores  is 
not  clear.  The  rock  is  considerably  altered,  and  chloritic  minerals  espe- 
cially penninite,  as  well  as  some  pyrite,  have  been  developed.  In  a 
specimen  from  the  Wolverine  shaft  there  is  also  some  sericitization,  so 
it  is  possible  that  the  andesite  may  antedate  the  last  of  the  mineraliza- 
tion period. 

Diabase. — OUvine  and  augite  diabase  in  small  masses  and  dikes  have 
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been  found  to  belong  to  two  distinct  periods.  The  earlier  is  folded  in 
with  the  Pinal  Schist  and  is  pre-Cambrian,  while  the  latest  cuts  the  Car- 
boniferous limestones  and  is  entirely  unaltered.  There  is  no  known  ex- 
posure of  them  underground. 

Monzonite  Porphyry. — The  dikes  of  this  rock  mentioned  by  Ransome 
as  occurring  around  the  Glance  mine  have  not  been  studied  during  the 
preparation  of  this  report,  and  no  similar  rock  has  been  found  in  the  min- 
ing area,  unless  it  is  the  one  classified  as  andesite  porphyry,  or  the  basic 
porphyry  found  by  Boutwell. 

V.  STRUCTURAL  GEOLOGY 

General  Structure  of  Mule  Mountains 

Fault  Blocks  and  Other  Divisions 

In  this  report  the  structural  geology  will  be  confined  almost  entirely 
to  the  southwestern  part  of  the  range  covered  by  pre-Cretaceous  sedi- 
ments, as  these  play  the  most  important  part  in  the  relation  to  the  ore- 
bodies  of  the  district.  Reference  to  the  areal  geology  map,  Plate  4,  and 
sections  made  along  its  lines  A-A,  B-B,  and  C--C  shown  in  Plates  5,  6, 
and  7,  will  help  make  clear  the  following  description: 

As  previously  stated,  the  range  is  roughly  divided  by  Tombstone 
Canyon  and  Mule  Gulch  into  two  parts.  To  the  northeast,  and  forming 
about  two-thirds  of  the  range.  Cretaceous  sediments  cover  the  whole 
area,  dipping  gently  to  the  northeast  and  north,  and  being  very  little 
faulted.  Where  cut  by  the  above-mentioned  canyons,  they  overhe  a 
nearly  leyel  plain  of  schist  and  granite.  This  area  will  be  alluded  to  as 
the  Cretaceous  Tract. 

The  area  southwest  of  the  two  canyons  is  almost  entirely  made  up  of 
much  faulted  and  intruded  schists  and  Paleozoic  sediments,  covered  at  the 
southeastern  end  by  Cretaceous  sediments  overlying  a  rough  topography 
of  Paleozoic  beds.     It  is  this  area  which  is  studied  in  detail  in  this  report. 

Referring  to  the  accompanying  sketch  map  (Plate  1)  of  the  range, 
it  is  seen  that  in  a  general  way  the  dips  of  the  Paleozoic  beds  radiate 
around  the  Juniper  Flat  granite  mass.  At  the  northwestern  end  they 
dip  to  the  north  and  northwest.  At  Mt.  Martin  and  Mt.  Ballard,  the 
dip  swings  to  the  west  and  southwest.  From  Mt.  Martin  to  the  south- 
east, the  dips  change  from  south  to  due  east.  Each  change  in  dip  and 
strike,  however,  is  generally  marked  by  a  fault,  the  beds  seeming  to  with- 
stand folding  to  a  remarkable  degree. 

In  our  division  of  this  area  into  fault  blocks,  the  divisions  given  by 
Ransome^  have  been  generally  followed,  with  a  few  minor  exceptions 
and  additions. 

Starting  at  the  north  is  the  Bisbee  Extension  Block  with  beds  dipping 
to  the  northwest,  and  disappearing  finally  to  the  north  under  Quarter- 

'  Loc.  cit.f  p.  93. 


Plate  4. — Areal  Geology  Map  with  Section  Lines  A-A,  B-B 
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nary  wash.  This  block  is  bounded  on  the  soiith  by  the  Modem  stock- 
work  of  granite  porphyry,  cutting  through  the  schist  and  Paleozoic 
beds  and  striking  northeast  and  southwest. 

To  the  south  of  the  Bisbee  Extension  Block  are  two  blocks,  the  Esca- 
brosa,  extending  from  the  Juniper  Flat  granite  mass  to  the  Escabrosa 
Ridge  line  of  faults  and  porphyry  intrusions,  and  the  Bisbee  West  Block 
extending  from  Escabrosa  Bidge  to  the  southwest.  The  Escabrosa 
Block  is  up-thrown  with  respect  to  the  Bisbee  West  Block,  and  consists 
almost  entirely  of  schist  and  porphyry,  until  Mt.  Martin  is  reached. 
Here  we  have  the  whole  Paleozoic  section  exposed  up  to  the  middle  of 
the  Escabrosa  limestone.  The  dips  at  Mt.  Martin  are  southwest.  The 
Bisbee  West  Block  is  covered  at  the  northwest  by  Carboniferous  beds 
dippmg  to  the  northwest  and  west.  These  are  followed  to  the  south  by 
Cambrian  beds,  dipping  to  the  west  and  southwest.  The  Escabrosa 
Block  is  bounded  on  the  southeast  by  the  Quarry  Fault,  beyond  which 
are  the  Copper  Queen  and  Don  Luis  Blocks.  The  Bisbee  West  Block  is 
bounded  on  the  south  by  the  Abrigo  Fault,  to  the  south  of  which  is  the 
Naco  Block;  relatively  very  much  down-thrown.  To  the  northeast  it 
is  bounded  by  the  Bisbee  West  Fault,  to  the  north  of  which  is  the 
relatively  up-thrown  Don  Luis  Block. 

The  Copper  Queen  Block  is  down-thrown  with  respect  to  all  the 
surrounding  blocks.  It'  is  bounded  on  the  north  by  the  east  and  west 
Dividend  Fault,  which  has  a  throw  of  at  least  1,500  ft.,  throwing  the 
Pinal  Schist  to  the  north  against  Paleozoic  beds  to  the  south.  It  forms 
a  block  with  the  Quarry  Fault,  a  northeast  to  southwest  fault  which  is  the 
western  boundary  of  the  block.  The  Quarry  Fault  in  turn,  forms  a  block 
with  the  White-Tail  Deer  Fault  which  is  nearly  parallel  to  the  Dividend 
Fault  and  throws  Cambrian  beds  and  Pinal  Schist  to  the  south  against 
Devonian  and  Carboniferous  beds  to  the  north.  The  block  is  finally 
covered  to  the  east  by  Cretaceous  beds  which  are  in  turn  covered  by  Qua- 
ternary wash.  To  the  southeast,  the  block  ends  abruptly  against  the 
Gold  Hill  Overthrust  Fault.  The  dips  in  the  Copper  Queen  Block  are 
generally  to  the  east  and  northeast. 

The  Don  Luis  Block  is  a  small  up-thrown  block  between  the  Copper 
Queen  and  Bisbee  West  Blocks.  The  larger  part  of  this  block  is  covered 
by  Quaternary  wash,  with  numerous  outcrops  of  schist  and  Cambrian 
beds.  The  dips  in  this  block  are  variable  but  generally  to  the  east- 
ward. 

In  addition  to  these  are  four  other  blocks,  three  of  which  are  evidently 
post-Cretaceous,  and  one  probably  so.  These  are  the  Tombstone 
Overthrust  Block  at  the  northwestern  end  of  the  range  thrusting  Naco 
limestone  over  Morita  sandstone;  the  Naco  Block  bounded  on  the  north 
by  the  Abrigo  Fault;  the  Gold  Hill  Overthrust  Block;  and  the  Glance 
Overthrust  Blocks  at  the  southeastern  end  of  the  range. 

The  Cretaceous  Tract,  except  where  the  sediments  overlie  the  pre- 
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Cambrian  granite  mass,  and  the  Sacramento  Hill  porphyry,  is  devoid  of 
igneous  rocks.  No  intrusion  has  been  observed  cutting  the  Cretaceous 
over  this  area. 

Igneous  Rocks 

The  pre-Cambrian  Juniper  Flat  granite  mass  has  the  form  of  a 
batholith.  The  contacts  with  the  schist  are  clean  cut.  It  probably 
forced  its  way  up  very  slowly  along  some  ancient  line  of  weakness. 
There  is  no  evidence  of  its  having  engulfed  the  schist,  as  no  horses  of 
schist  are  found  inside  the  area  exposed.  From  the  nature  of  the  schist, 
however,  it  is  difficult  to  tell  how  it  came  in. 

In  all  the  pre-Cretaceous  blocks  mentioned  above,  extensive  intru- 
sion has  taken  place  of  granite  porphyry,  followed  in  some  instances  by 
extnisive  rhyolites.  These  intrusions  and  extrusions  came  in  for  the 
most  part  along  faults  already  in  existence,  but  spread  out  in  the  less 
resistant  sediments  as  sills  and  irregular  masses.  Although  coming 
in  at  more  or  less  the  same  time,  some  dikes  clearly  cut  the  others.  The 
general  habit  of  the  porphyry  was  to  follow  some  fault  for  a  certain  dis- 
tance, and  then  cut  across  to  another  fault.  The  whole  process  suggests 
a  very  rapid  intrusion. 

In  the  Bisbee  Extension  Block,  at  the  northwestern  end  of  Esca- 
brosa  Ridge,  there  is  an  occurrence  of  extrusive  rhyohte  overlying  an 
erosion  surface  of  Naco  limestone  and  an  intrusive  porphry  sill. 

Cutting  through  the  Sacramento  Hill  porphyry,  north  of  Naco  Road, 
are  several  small  dikes  of  andesite.  This  same  andesite  occurs  cutting 
Escabrosa  limestones  near  the  Cole  shaft,  and  has  been  observed  under- 
ground near  the  Shattuck,  Wolverine  and  Wade-Hampton  mines.  At 
the  Shattuck  mine,  it  is  undoubtedly  later  than  the  porphyry.  This 
andesite  in  all  observed  cases  has  come  in  as  very  small  dikes  in  already 
opened  fissures.  In  only  one  case  has  an  outcrop  been  observed  in  higher 
beds  than  the  Martin. 

In  the  post-Cretaceous  blocks,  no  intrusions  have  been  seen  except 
in  the  Naco  Block.  Here,  at  the  north  end  of  the  block,  entering  along 
the  big  Abrigo  Fault,  an  extrusive  rhyolite  mass  has  come  in.  This 
mass  is  similar  in  all  respects  to  the  mass  mentioned  above  in  the  Bisbee 
Extension  Block.  Except  for  this  one  case,  the  large  faults  of  post- 
Cretaceous  age  have  not  been  accompanied  by  igneous  intrusion. 

The  most  important,  economically,  of  all  these  igneous  rocks  is  the 
granite  porphyry,  as  it  alone  seems  to  play  an  important  r61e  in  the 
processes  of  ore  deposition.  By  far  the  greater  amount  of  porphyry 
m  the  district  cuts  through  with  clean  contacts.  The  one  exception  to 
this  rule  is  the  mass  of  Sacramento  Hill.  The  mode  of  intrusion  of  this 
particular  mass  is  somewhat  different  from  all  the  others,  due  to  the 
accompaniment  of  mineralizing  emanations.  This  will  be  more  fully 
treated  later. 
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Copper  Queen  Block 

FauU  Blocks 

From  an  economic  viewpoint,  the  Copper  Queen  and  Don  Luis  Blocks 
are  at  the  present  time  the  only  important  ones  in  the  range,  and  these 
two  blocks,  together  with  the  mode  of  intrusion  of  the  Sacramento  Hill 
porphyry  mass,  will  be  more  fully  explained  below. 

The  Copper  Queen  Block,  whose  details  are  best  shown  by  Plate  8, 
lies  in  the  heart  of  the  range.  It  is  a  relatively  down-thrown  block,  being 
bounded  on  the  north  by  the  Dividend  Fault,  a  N.  75®  W.  fault  dipping 
to  the  south  from  60®  to  vertical.  This  fault  has  an  estimated  throw  at 
the  town  of  Bisbee  of  at  least  1,500  ft.  throwing  Pinal  Schist  with  a  few 
outliers  of  Bolsa  Quartzite  on  the  north  against  Paleozoic  sediments  to 
the  south.  This  fault  apparently  forms  a  block  to  the  west  with  the 
Quarry  Fault,  a.  N.E.-S.W.  fault  which  forms  the  western  boundary  of 
the  area.  To  the  south,  the  block  is  bounded  by  the  White-Tail  Deer 
Fault  system  parallel  to  the  Dividend,  throwing  Bolsa  quartzite  and 
schist  to  the  south  against  Abrigo  and  Martin  limestones,  to  the  north. 
To  the  east,  the  block  is  covered  by  Glance  conglomerate  and  Morita 
sandstone,  which  are  in  turn  covered  by  the  Quaternary  gravels  of  Sulphur 
Springs  Valley.  In  the  southeast,  the  block  ends  abruptly  at  the  Gold 
Hill  Overthrust  Fault. 

Starting  somewhere  near  the  Spray  shaft,  the  block  is  cut  by  a  N.W.- 
S.E.  fault  of  considerable  throw,  the  Oliver  Fault,  which  dips  about  6(f 
S. W.  This  fault  increases  in  magnitude  toward  the  southeast  and  where 
it  is  finally  covered  by  Quartemary  wash,  about  halfway  between  Don 
Luis  and  the  Country  Club,  it  throws  Abrigo  limestone  to  the  northeast 
against  Naco  limestone  to  the  southwest,  a  throw  of  at  least  1,500  ft. 
This  fault  is  encountered  in  the  Spray,  Oliver  and  Cole  workings.  At 
the  Spray  the  throw  is  about  200  ft.;  at  the  Oliver  it  throws  Abrigo  lime- 
stone against  Escabrosa  with  a  throw  of  at  least  500  ft.  It  finds  topo- 
graphic expression  in  the  big  draw  between  the  Dallas  and  Cole  shafts. 

The  Copper  Queen  Block,  as  seen  by  Plate  8,  may  be  roughly  divided 
into  eight  structural  blocks.  Starting  from  the  west,  we  have  first  the 
Hedberg  Block,  relatively  down-thrown,  and  with  dips  generally  to  the 
south.  This  is  followed  by  the  Higgins  Block,  up-thrown  with  dips  to 
the  east  and  southeast.  Following  this  is  the  Southwest  block,  bounded 
on  the  east  by  the  Czar  fault  system,  and  on  the  west  by  the  Escacado 
fault  system.  This  block  is  down-thrown  relative  to  the  Higgins  Block 
but  up-thrown  in  relation  to  the  Queen  Hill  Block  to"  the  east.  The 
dips  here  are  nearly  due  east.  The  Queen  Hill  Block  is  a  funnel-shaped 
block  of  Naco  and  Escabrosa  limestone.  It  is  well  shown  in  section 
A-A,  Plate  5.  It  is  bounded  on  the  west  by  the  Czar  fault  system,  and 
on  the  east  by  the  Silver  Bear  Fault.    The  dips  on  the  surface  are  irregular 
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but,  in  general,  to  the  east.  Underground,  below  where  the  two  faults 
wedge  out,  the  dips  are  consistently  east.  Surrounding  Sacramento 
Hill,  to  the  south  and  southwest  is  a  dropped  block,  which  we  may  call 
the  Contact  Block.  It  is  bounded  on  the  north  and  northeast  by  the 
Dividend  Fault  and  Sacramento  Hill,  and  on  the  south  and  southwest 
by  the  Dixie-Howell-Senator  Faults.  To  the  southwest  of  this  Contact 
Block  and  up  to  the  Oliver  Fault  is  the  Oliver  Block  of  relatively  up- 
thrown  beds.  Southwest  of  the  Oliver  Fault  is  the  Cole  Block  and 
northeast  of  the  same  fault  is  the  Briggs  Block  which  extends  east  to  the 
post-Cretaceous  Mexican  Canyon  Fault.  The  dips  of  all  these  blocks 
more  or  less  surrounding  Sacramento  Hill  are  nearly  due  east.  The 
Oliver  Fault  has  tended,  however,  to  swing  the  up-thrown  side,  especially 
where  the  throw  becomes  greatest,  around  to  the  northeast  as  is  shown  in 
the  detailed  geological  map  of  the  district,  Plate  4. 

To  the  east  of  all  these  blocks  is  an  eighth  block,  the  Bakerville  Block, 
almost  entirely  covered  by  Glance  Conglomerate.  This  block  is  bounded 
on  the  west  by  the  Mexican  Canyon  Fault,  striking  about  N.  15**  to  30® 
east  and  dipping  to  the  northwest.  This  fault  is  a  late  one  and  extends 
beyond  the  Dividend  Fault,  causing  the  prominent  dislocations  of  the 
Mural  Limestone  seen  north  of  Lowell  and  Warren. 

As  is  shown  in  section  B-B,  Plate  6,  the  apparent  dip  of  the  beds  in 
the  whole  block  is  very  much  less  than  the  actual.  This  is  due  to  minor 
faulting  or  slipping  which  has  had  the  effect  of  dropping  the  beds  very 
consistently  to  the  west  and  raising  them  to  the  east.  This  is  one  of  the 
typical  structural  features  of  the  camp  and  seems  to  be  caused  by  the 
extreme  resistance  of  the  beds  to  folding. 

There  are  two  ages  of  faulting,  one  pre-Cretaceous  and  the  other  post- 
Cretaceous.  As  has  previously  been  shown,  the  porphyry  in  the  district 
is  pre-Cretaceous.  The  age  of  the  faulting  has  therefore  b^en  determined 
in  large  part  relative  to  the  age  of  intrusion.  The  only  large  fault  which 
is  definitely  post-Cretaceous  is  the  Mexican  Canyon  Fault.  As  the  fault 
apparently  blocks  with  the  Oliver  Fault  as  shown  in  Plate  8,  the  Oliver 
is  probably  also  post-Cretaceous.  This  is  borne  out  by  the  character  of 
the  exposures  underground.  There,  practically  no  mineralization  accom- 
panies it,  and  in  Oliver  ground  it  apparently  cuts  off  an  orebody,  which  as 
will  be  seen  later,  would  make  it  post-Cretaceous.  Both  of  these  faults 
have  the  same  effect,  that  is  to  raise  the  sediments  to  the  east,  and  to 
drop  them  to  the  west.  The  probability  is  that  the  Junction  Fault, 
shown  in  section  B-B,  Plate  6,  is  also  post-Cretaceous,  as  it  is  reported 
to  cuf  off  certain  parts  of  the  Junction  orebodies,  and  it  is  also  possible 
that  a  large  part  of  the  north  to  south  slipping  in  Lowell  and  Gardner 
ground  is  also  post-Cretaceous.  Here  the  throw  of  each  individual  fault 
is  so  slight,  and  the  ground  so  highly  metamorphosed,  that  it  is  not 
susceptible  of  proof  one  way  or  another. 
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All  other  faults,  so  far  as  observed,  have  had  their  major  movements 
in  pre-Cretaceous  time  and  before  the  introduction  of  the  porphyry. 
Some  faults  have  had  movements  in  both  ages.  The  Dividend  shows 
some  movement  at  the  present  time,  and  enough  movement  occurred 
in  post-Cretaceous  time  to  throw  out  the  Glance  Conglomerate.  Some 
post-intrusion  slipping  has  also  undoubtedly  taken  place  along  the 
Czkr  Fault. 

Intrusions 

As  has  previously  been  shown,  the  block  has  been  extensively  intruded 
by  granite  porphyry.  The  largest  and  most  important  mass  is  that  of 
Sacramento  Hill,  the  other  occurrences  being  more  or  less  radial  offshoots 
of  dikes  and  sills  from  this  central  mass.  It  has  also  been  shown  that 
underground  exposures  below  the  Escabrosa  horizon  are  much  greater 
than  surface  exposures. 

The  path  of  the  Sacramento  Hill  porphyry  was  the  previously  opened- 
up  Dividend  Fault.  Underground  development  has  shown  that  the 
porphyry  acted  as  a  plug,  and  that  none  of  the  later  movements  on  the 
fault  have  taken  place  along  the  original  line  through  the  mass.  The 
offshoots  of  the  mass  have  generally  followed  major  lines  of  weakness 
such  as  the  Czar,  and  Silver  Bear  Faults.  Some,  however,  such  as  the 
Shattuck  dike,  have  cut  across  the  country  irrespective  of  fault  lines. 

The  Sacramento  Hill,  and  the  connecting  Lowell,  mass  differ  from  all 
the  other  porphyry  occurrences  in  the  range,  in  that  they  were  accom- 
panied by  mineraUzing  emanations,  which  have  completely  altered  them. 
These  emanations,  besides  altering  the  porphyry  itself,  changed  and  broke 
up  the  surrounding  sediments.  In  consequence  of  this,  as  the  mass 
worked  its  way  up,  it  dragged  in  pieces  of  schist,  quartzite  and  limestone 
along  its  edges.  The  final  result  was  a  central  core  of  metamorphosed 
porphyry,  with  a  periphery  of  contact  breccia,  made  up  of  highly  silicified 
and  altered  fragments,  sometimes  rounded  and  sometimes  angular,  of 
schist,  porphyry,  quartzite  and  metamorphic  limestones.  This  contact- 
breccia  zone  has  a  variable  width,  with  a  maximum  of  about  1,000  ft. 
It  has  fairly  sharp  contacts  with  the  surrounding  limestone,  but  tends  to 
grade  off  into  brecciated  porphyry,  and  finally  blocky  unbroken  porphyry, 
toward  the  center  of  the  intrusive  mass. 

Don  Lms  Block 

The  Don  Luis  Block  is  an  elliptical-shaped  block  up-throvm  relative 
to  the  Copper  Queen.  It  is  bounded  on  the  north  and  east  by  the  White- 
Tail  Deer  fault  system,  throwing  Abrigo  and  Martin  limestone  against 
schist,  Bolsa,  quartzite,  and  some  Abrigo  limestone.  To  the  south  it 
is  bounded  by  the  Bisbee  West  Fault,  which  is  covered  by  the  Quaternary 


Y.   S.  BONILLAS,  J.  B.  TBNNBT  AKD  LBON  JTEUOUisBE  1429 

wash  toward  the  east  and  toward  the  west  it  is  bounded  by  the  Quarry 
Fault.  The  dips  are  variable,  but  for  the  most  part  are  to  the  northeast 
and  east. 

IrUruaions  and  Orebodies 

The  block  is  intruded  both  by  granite  porphyry  and  by  andesite,  the 
latter,  however,  not  outcropping.  There  are  two  ore  occurrences  in  the 
block,  one  at  the  northern  boundary,  and  rightfully  in  the  Copper  Queen 
Block,  and  one  at  the  southeastern  end.  The  first  of  these,  the  White- 
Tail  Deer  orebody,  occurs  as  a  replacement  of  Abrigo  limestone,  about 
50  ft.  from  the  base  of  the  Martin.  It  is  not  associated  with  any  known 
intrusion,  but  is  close  to  the  White-Tail  Deer  fault  system.  The  second 
occurrence  is  that  of  the  Wade-Hampton.  Here  the  ore  occurs  as  lead 
and  copper  ore  in  a  fault  separating  Abrigo  limestone  from  Bolsa  quart- 
zite.  The  ore  here  is  apparently  associated  with  a  dike  of  andesite  and 
occurs  in  the  crushed  Abrigo  limestone  on  the  fault. 

VI.  GEOLOGIC  HISTORY 

The  earliest  geologic  age  is  recorded  in  the  district  by  the  pre- 
Cambrian  Pinal  Schist.  As  has  been  previously  stated,  this  was  probably 
derived  from  arenaceous  sediments. 

Due  to  the  extreme  metamorphism,  the  geologic  history  subsequent 
to  the  deposition  of  these  early  sediments,  and  up  to  the  deposition  of 
the  Cambrian  sediments,  is  obscure.  The  sediments  were  probably 
subjected  to  extreme  folding,  intruded  by  diabase,  and  deeply  buried. 
After  the  metamorphism  was  complete,  the  schist  was  intruded  by  a 
large  mass  of  granite.  From  then  on  to  Cambrian  time,  erosion  worked 
on  the  whole  complex,  wearing  it  down  to  an  even  peneplain. 

At  the  beginning  of  Cambrian  time,  a  gentle  subsidence  took  place, 
resulting  in  shore-line  deposits  of  quartzites,  the  subsidence  becoming 
more  rapid  toward  the  end  of  the  period,  in  which  time  were  deposited 
finer  sands  and  some  shales.  The  land  surface  toward  the  end  of  the 
Cambrian  period  became  more  distant,  as  evidenced  by  the  deposition 
of  the  Abrigo  shales,  and  shaly  limestones. 

At  the  end  of  Cambrian  time,  a  gentle  rise  took  place  over  an  extensive 
area,  bringing  the  flat  sea  bottom  close  to  the  surface,  with  land  actually 
emerging  probably  toward  the  south.  During  the  Ordovician  and 
Silurian  ages,  this  lowland  surface  of  Cambrian  beds  was  subjected  to 
slow  erosion  simultaneously  with  the  deposition  in  the  district  of  an  8-ft. 
bed  of  quartzite.  A  slow  subsidence  then  took  place  to  the  north  of  the 
district,  allowing  the  thicker  deposits  of  quartzite  in  the  Yellowstone 
Range  of  40  ft.,  and  at  Globe  of  500  to  700  ft. 

At  the  end  of  the  Silurian,  a  sudden  subsidence  took  place,  resulting 
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in  deeper-sea  conditions  and  thus  the  Devonian  age  is  represented  by 
fairly  pure  dolomitic  limestones. 

The  sea  evidently  continued  to  deepen  all  through  Mississippian 
time  with  the  deposition  of  the  pure  Escabrosa  limestone.  During 
Pennsylvanian  time,  subsidence  did  not  keep  pace  with  deposition  and  the 
sediments  became  increasingly  more  shaly,  and  cherty  showing  a  nearer 
approach  of  land  surface  and  shallower  seas.  At  the  end  of  the  Pennsyl- 
vanian, and  probably  during  the  Permian  age,  a  violent  uplift  took  place, 
resulting  in  the  doming  of  the  sediments  around  the  pre-Cambrian  granite 
mass.  The  sediments  were  shattered  by  extensive  faults,  the  major  lines 
of  weakness  being  northwest  and  southeast.  The  granite  mass  itself 
resisted  this  shattering  to  a  great  degree  except  around  itd  edges.  Imme- 
diately following  the  faulting,  or  partly  accompanying  it,  granite  porphyry 
was  intruded,  following  generally  the  major  lines  of  weakness,  but  also 
shooting  sills  and  dikes  into  the  less  resistant  sediments.  Accompanying 
one  of.  these  porphyry  intrusions,  that  of  Sacramento  Hill,  were  mineral- 
izing emanations,  which  metamorphosed  the  surrounding  sediments  and 
the  porphyry  itself,  and  were  the  source  of  our  present  orebodies. 

During  Jurassic  and  Triassic  time,  the  whole  area  was  subjected  to 
erosion,  during  which  time  most  of  the  upper  Carboniferous  beds  were 
stripped  off,  and  at  the  crest  of  the  dome,  around  the  granite  and  schist 
of  Juniper  Flat,  the  old  pre-Cambrian  complex  was  laid  bare.  During 
this  erosional  period,  the  orebodies  were  subjected  to  oxidation,  which 
would  place  the  age  of  primary  ore  formation  definitely  at  or  near  the 
age  of  the  uplift. 

At  the  end  of  this  period,  a  remarkably  sudden  subsidence  took  place, 
before  any  of  the  land  except  the  top  of  the  dome  had  been  leveled  off, 
and  the  rough  topography  surrounding  was  filled  up  with  the  extremely 
coarse  Glance  Conglomerate.  The  subsidence  was  so  sudden  that  the 
fragments  making  up  this  conglomerate  were  hardly  worked  over  at  all, 
it  being  made  up  of  angular  boulders,  some  as  large  as  a  yard  in  diameter, 
of  schist,  quartzite  and  limestone.  The  roughness  of  this  old  topography 
is  well  shown  in  the  basin  covered  by  conglomerate,  in  which  the  town  of 
Warren  is  situated. 

After  the  whole  country  was  leveled  off  by  the  Glance  Conglomerate, 
the  subsidence  became  less  rapid,  and  shore-line  deposits  of  sandstones 
and  sandy  shales  were  laid  down,  followed  by  deeper-sea  conditions,  dur- 
ing which  the  pure  Mural  Limestone  was  deposited,  showing  abundant 
Cretaceous  (Comanche)  fossils.  Shore-line  deposits  followed  this  again 
to  the  end  of  Cretaceous  time. 

During  Tertiary  time,  a  second  uplift  took  place,  along  almost  the 
same  axis  as  the  previous  one.  This  also  took  the  form  of  a  dome  around 
the  old  granite  mass,  and  the  Escabrosa  Ridge  porphyry  intrusion.  This 
uplift,  however,  was  not  as  violent.     It  was  accompanied  by  extensive 
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block  faulting,  with  little  disturbances  of  the  beds  within  the  blocks.  The 
major  faults  took  the  form  of  overthFUsts,  the  largest  being  the  Tombstone 
and  Gold  Hill  faults.  Either  accompanying  the  uplift  or  subsequent  to 
it,  some  intrusion  of  monzonite  porphyry  took  place,  at  the  southern  end 
of  the  range.  Probably  some  of  the  extrusive  rhyolite  also  belongs  to 
this  age  of  intrusion.  Finally  the  whole  range  was  subjected  to  a  tilt 
to  the  noi^heast  of  about  15^. 

From  then  on  to  the  present  time,  erosion  has  been  steadily  at  wOrk, 
and  has  again  laid  bare  the  old  pre-Cretaceous  sediments  along  the  crest 
of  the  dome,  with  Cretaceous  beds  exposed  to  the  northeast.  To  the 
southwest,  the  Cretaceous  has  been  all  eroded,  due  to  the  final  tilting. 
The  only  evidence  left  of  the  second  doming  is  found  at  the  southern  end 
of  the  range,  as  shown  by  Plate  1.  During  this  last  erosion  period  the 
orebodies  have  been  further  subjected  to  oxidizing  and  enriching  processes, 
so  that  we  owe  their  condition  as  we  find  them  today,  to  two  widely 
separated  periods,  in  each  of  which  the  original  [primary  ores  were 
worked  over  by  surface  waters. 


VII.  METAMORPHISM  AND  MINERALIZATION 

General  Metamorphism 

In  a  region  that  has  been  subjected  to  as  many  geological  changes  as 
the  Warren  district,  it  was  to  be  expected  that  the  rocks  would  show 
many  variations  in  texture  and  mineralogy  from  the  unaltered  types. 
The  effects  of  regional  metamorphism  as  well  as  dynamic  are  represented 
in  the  Pinal  Schist  as  has  been  shown  in  describing  the  lithological 
characters  of  this  formation. 

The  Cambrian  formations  have  also  been  changed  throughout  their 
occurrence  in  the  district  by  a  process  related  to  regional  metamorphism 
in  the  wide  scope  of  its  action^  The  induration  of  the  pure  Bolsa  quartz- 
ite  has  gone  on  until  it  is  of  glassy  texture,  but  in  the  clayey,  magnesian 
Abrigo  limestone,  besides  the  segregation  of  chert,  the  impurities  have 
everywhere  combined  into  such  minerals  as  epidote,  zoisite,  chlorite, 
serpentine,  and  possibly  albite.  No  such  action  is  at  all  observed  in  the 
conformably  overlying  Martin  limestone,  which  strongly  suggests  that 
the  changes  took  place  in  the  long  period  separating  the  middle  Cambrian 
from  the  Devonian.  But  since  field  evidence  excludes  any  great  disturb- 
ance during  the  unrepresented  period,  it  is  probable  that  the  general 
metamorphism  in  the  Abrigo  was  caused  by  the  deep  burial  under  more 
than  4,000  ft.  of  overlying  limestones  after  the  impurities  in  the  beds  had 
had  a  chance  to  segregate  and  rearrange  themselves  due  to  the  slow  action 
of  cold  surface  solutions  during  Ordovician-Silurian  times.  The  neces- 
sary temperature  conditions  were  probably  obtained  by  the  rise  in  iso- 
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therms  due  to  deep  burial  and  to  the  post-Carboniferous  intrusive  period 
when  a  general  rise  in  temperature  could  effect  changes  in  the  more 
susceptible  impure  sediments. 

Whether  this  tentative  explanation  is  correct  or  not,  the  importance 
of  recognizing  the  general  distribution  in  the  Abrigo  of  minerals  which 
may  be  mistaken  for  indications  of  contact  metamorphism  cannot  be 
overemphasized.  This  formation  is  of  considerable  economic  importance 
and-  the  underground  search  for  ores  cannot  be  aided  by  the  same  indi- 
cations as  in  the  higher  limestones. 

Contact  and  Hydrothbrmal  Metamorphism 

That  the  granite-porphyry  intrusion  was  the  supreme  factor  in  the 
ore  deposition  of  the  district  cannot  be  doubted  in  view  of  the  intimate 
association  of  the  ores  with  the  porphyry  and  the  intense  changes  that 
have  taken  place  in  the  rocks  around  the  main  intrusions. 

It  has  been  customary  to  separate  the  metamorphism  of  the  rocks 
around  a  contact  into  contact  metamorphism,  caused  by  the  igneous  rock 
itself,  and  hydrothermal  metamorphism,  caused  by  the  heated  solutions 
emanating  from  the  cooling  magma.  This  distinction  will  not  be  made 
in  the  present  article,  because  there  has  been  nothing  found  by  the  authors 
to  indicate  that  there  is  any  genetic  difference  in  the  causes  for  changes 
in  the  rocks,  outside  of  differences  in  intensity  or  quantity.  The  differ- 
ences in  effects  are  not  to  bo  confused  with  the  causes,  as  the  first  are 
subject  to  the  many  variations  of  the  rocks  encountered,  their  physical 
and  chemical  differences,  and  their  previous  alteration.  The  metamor- 
phosing agencies  vary  also  with  the  distance  from  their  source  in  the 
effect  they  may  have  on  the  same  rock,  but  all  changes  observed  so  far 
have  usually  been  graded  and  not  susceptible  to  sharp  definition. 

In  general,  it  may  be  stated  that  the  two  main  centers  of  porphyritic 
intrusion  are  also  the  centers  of  metamorphism.  Around  Sacramento 
Hill  the  effects  of  metamorphism  can  be  seen  on  the  surface,  but  around 
the  Lowell  center  the  alteration  did  not  extend  through  the  covering  of 
upper  Carboniferous  limestone.  The  effects  aroimd  Sacramento  Hill 
are  more  pronounced  on  the  side  of  the  calcareous  sediments,  which  have 
been  so  much  more  altered  than  the  schist  of  the  north  side.  The  por- 
phyry on  the  south,  as  well  as  the  covering  remnants  of  contact  breccia, 
are  highly  siUcified  and  stand  out  as  the  crest  of  Sacramento  Hill.  The 
topographical  depression  around  this  hill  is  due  to  less  silicified  porphyry 
breaking  through  the  contact  breccia  where  this  last  turns  from  a  more 
or  less  vertical  to  a  horizontal  body.  Outside  of  this  moat-like  depression 
is  a  ring  formed  by  the  highly  silicified  contact  breccia  which  grades  into 
silicified  metamorphic  limestone,  and  this  into  limestone  with  a  decreas- 
ing amoimt  of  metamorphic  minerals  until  a  belt  of  marbleized  rock  is 
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reached,  from  200  to  1,000  ft.  away  from  the  porphyry.  The  zone 
of  recrystallization  also  fades  outward  irregularly  to  the  unaltered 
sediments. 

On  the  north,  or  schist  side  of  the  contact,  there  is  some  silicification 
of  the  older  rock,  accompanied  by  considerable  pyritization,  but  this 
very  soon  fades  out  into  the  unaltered  schist. 

Underground,  in  tracing  out  the  zones  of  rock  alteration  due  to  the 
intrusion  and  its  accompanying  solutions,  it  has  been  found  that  they 
roughly  correspond  to  the  ones  just  mentioned  as  appearing  on  surface, 
with  the  following  general  modifications:  The  zones  extend  farther  than 
the  gener^  siuface  contours  along  extensions  of  the  porphyry  mass, 
especially  the  zone  in  Lowell  ground,  and  along  lines  of  fracturing  which 
may  or  may  not  also  be  lines  of  faulting.  The  extent  of  the  zones  is 
remarkably  influenced  by  the  formation  they  are  traced  in,  the  changes 
going  farthest  at  the  top  of  the  Devonian  and  the  top  of  the  Cambrian. 
Local  variations  are  found  to  break  the  arrangement  of  the  zones  of 
alteration  where  there  are  minor  centers  of  strong  action,  such  as 
close  to  the  Shattuck  dike  in  the  Uncle  Sam  and  Shattuck  ground,  in 
the  Southwest  mine,  and  in  several  other  places. 

The  Effect  of  Contcui  and  Hydrothermal  Metamorphism  on  the  Formations      ^ 

Before  taking  up  the  effects  of  contact  and  hydrothermal  alteration 
on  the  rocks  of  the  district  it  is  well  to  state  that  hydrous  metamorphism 
or  oxidation  has  obscured  or  complicated  in  a  great  measure  the  results 
of  contact  metamorphism,  and  in  many  cases  made  the  exact  separation 
of  the  process  involved  too  diflScult  and  useless  to  be  undertaken  in  the 
course  of  economic  work. 

The  changes  due  to  circulation  of  meteoric  waters  will  be  taken  up 
later.  The  mine  workings  have  now  gone  down  far  enough  in  all  zones 
to  disclose  the  fact  that  there  is  a  depth  below  which  the  rocks  as  well  as 
the  ores  are  different  from  those  closer  to  the  surface.  Here  there  are 
none  of  the  minerals  evidently  due  to  the  process  of  oxidation,  and  miner- 
alogical  associations  continue  the  same  indefinitely  downward,  without 
the  vertical  variations  of  the  upper  portions.  This  is  the  criterion  that 
has  been  used  in  separating  the  effects  of  primary  and  secondary  processes 
in  the  rocks  and  in  the  ores.  Though  not  found  in  this  order  in  the  mines, 
primary  effects  will  be  considered  first. 

As  a  whole  the  impression  given  by  the  rock  alterations  in  the  Warren 
district  is  one  of  abundance  and  persistence  rather  than  great  intensity. 
There  are  no  high  temperatiu-e  minerals  developed  in  any  great  amount, 
or  if  they  were  developed  at  some  stage,  they  have  now  been  replaced. 
Garnet,  diopside,  woUastonite,  scapolite,  and  vesuvianite  have  been  ob- 
served, but  in  very  small  amoimt,  and  never  forming  an  important  part 
of  a  formation.     Tremolite,  actinolite,  and  edenite  are  far  more  common. 
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The  distinguishing  minerals  of  alteration  zones  are  quartz,^  sericite, 
chlorites,  especially  penninite,  and  the  oxides  of  iron,,  magnetite  and 
specularite,  as  well  as  the  metallic  sulphides  of  iron,  copper,  zinc  and  lead. 

Metamorphism  in  Contact  Breccia 

Around  any  of  the  granite  porphyry  that  has  been  accompanied  by 
mineralizing  emanations,  such  as  that  of  Sacramento  Hill,  the  contact 
breccia  is  marked  generally  by  an  extreme  amount  of  silica  which  re- 
places all  other  gangue  and  rock-forming  minerals.  Pyrite  and  sericite 
are  next  in  abundance,  with  chloritic  minerals  in  variable  amounts  and 
calcite  practically  unknown.  Schist  and  quartzite  fragments  have 
naturally  remained  the  least  altered  in  this  mass  and  are  consequently 
recognized  most  easily.  In  this  contact  breccia,  or  at  the  edges,  there  are 
bodies  of  intergrown  magnetite,  hematite  and  pyrite,  with  associations 
of  the  best-formed  garnet,  woUastonite,  and  other  contact  minerals. 
Silicification  usually  decreases  toward  the  outer  edge  of  the  breccia, 
sericite  and  chlorites  increasing.  In  many  thin  sections  studied,  the 
prevailing  impression  gathered  is  that  in  most  of  the  breccia  silicification 
is  the  last  process  involved,  following  sericitization  and  chloritization. 

There  are,  however,  distinctly  later  porphyry  dikes  cutting  the  breccia, 
as  has  already  been  stated,  which  have  also  been  accompanied  by  metamor- 
phosing emanations,  the  result  being  a  complication  and  confusion  of  the 
processes  involved.  Certain  highly  chloritized  portions  of  the  breccia, 
where  penninite  replaces  quartz  in  a  noticeable  way,  are  the  result  of 
these  conditions,  which  are  economically  important,  since  copper  minerals 
are  concentrated  in  very  pure  form  by  the  superimposed  alteration. 
There  are  also  other  observed  forms  of  this  repeated  alteration  depending 
on  the  variations  of  either  the  first  or  the  last.  But  it  is  generally  true 
that  the  second  process  never  reaches  the  point  of  adding  silica  or  even 
adding  sericite  to  the  previously  changed  rocks. 

Metamorphism  in  the  Contact  Limestones 

The  transition  from  breccia  to  limestone  that  can  be  recognized  is 
apt  to  be  very  sudden  in  the  Carboniferous  horizons,  and  graded  in  those 
below.  This  is  because  the  alteration  of  the  lower  limestones  is  more 
pronounced.  The  impure,  and  at  the  same  time  easily  crushed,  Devonian 
and  Cambrian  formations  become  a  mass  of  sericite,  penninite,  calcite, 
and  quartz,  with  some  tremolite,  garnet,  diopside,  woUastonite,  and 
epidote,  while  the  Escabrosa  limestone  usually  has  ju3t  a  narrow  fringe 
or  a  few  bands  of  metamorphic  minerals  and  the  mass  of  the  rock  is  simply 
recrystallized  to  marble.  As  extremes  of  alteration  in  this  contact  zone 
there  are  places  where  the  limestone,  especially  the  Devonian,  is  con- 
verted into  a  highly  sericitic  or  chloritic  mass,  or  into  almost  pure  quartz. 
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There  is  some  evidence  in  this  zone  also  that  silicification  is  the  last  process 
affecting  the  rocks  under  ordinary  conditions. 

Farther  from  the  contacts  or  the  centers  of  mineralization  the  changes 
visible  in  the  limestone  are  a  decrease  in  silica  and  sericite  in  all  the  rock, 
while  these  minerals  may  persist  in  breaks  and  joints.  Recrystallization 
of  excite,  but  not  of  the  impuritieis,  is  very  common. 

In  this  contact  zone  the  accumulation  of  sulphides  is  marked  by  the 
increase  in  either  sericite,  silica,  or  chloritic  minerals  around  the  sulphides. 

Metamorphiam  Oviaide  of  Contact  Zones 

Sometimes  rocks  with  considerable  alteration  are  encountered  far 
from  any  known  porphyry,  in  which  case  it  may  be  that  solutions  have 
traveled  along  fractures,  or  that  they  may  have  come  with  undiscovered 
porphyry.  Usually,  however,  the  copper  ores  have  been  found  replacing 
the  limestone  very  much  farther  away  than  any  general  alteration  of  the 
formations,  in  which  case  the  transition  from  fairly  unaltered  rock  to 
sulphides  is  sudden,  but  bears  some  relation  to  the  local  structure. 

Metamorphism  of  the  Porphyry 

The  primary  solutions  emanating  from  the  granite  porphyry  affect 
that  porphyry  in  about  the  same  way  as  they  do  the  adjacent  rocks.  If 
the  nearby  rocks,  whatever  they  may  be,  are  silicified,  the  porphyry  will 
be  also.  If  sericitized  or  chloritized,  the  same  processes  will  have  affected 
the  igneous  rock.  The  main  difference  comes  in  the  relative  amount  of 
sulphides  which  have  formed  during  these  changes.  Of  course,  the  same 
minerals  will  not  form  in  limestone  as  in  igneous  rock,  but  an  increase  or 
decrease  in  silica  or  magnesia  or  iron  will  be  parallel  in  both  cases. 

The  main  mass  of  Sacramento  Hill  is  so  highly  altered  that  a  thin 
section  of  this  rock  shows  only  a  mat  of  sericite  plates,  with -variable 
amounts  of  quartz,  pyrite,  and  chlorite,  without  much  being  left  to  dis- 
tinguish between  quartz,  feldspar  and  mica  phenocrysts,  and  the  base. 
Close  to  the  breccia,  silicification  is  common,  accompanied  by  disseminated 
copper  deposits. 

In  the  dikes  radiating  from  the  hill,  the  changes  in  alteration  of  the 
porphyry  are  very  clearly  marked,  as  well  as  the  relative  ages  of  succession 
of  the  processes.  Receding  from  the  silicified  portions,  sericite  increases 
and  the  outlines  of  phenocrysts,  first  of  quartz,  then  of  feldspar,  begin 
to  appear.  Lastly  appear  the  outlines  of  biotite,  marked  generally  by 
successive  lamina  of  sericite  and  pyrite.  Farther  away  penninite  is 
found  in  increasing  amount,  the  quartz  phenocrysts  being  unattacked  and 
some  of  the  plagioclase  feldspars  scarcely  altered.  The  chloritic  minerals 
appear  as  remnants  replaced  by  sericite. 

When  sericite  has  almost  all  disappeared,  and  there  is  no  silicification, 
epidote,  zoisite  and  calcite  are  sometimes  found  as  alteration  or  meta- 
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morphic  minerals  in  the  porphyry.  At  this  zone  there  are  also  found  por- 
tions of  the  rock  converted  into  almost  pure  penninite  and  edenite,  with 
some  serpentine,  as  if  the  f erromagnesian  minerals  lacking  in  the  more 
sericitic  rock  had  been  driven  to  accumulate  and  replace  other  portions. 
Only  the  presence  of  some  unaltered  quartz  phenocrysts  and  very  resistant 
apatite  crystals  helps  to  determine  the  original  rock,  although  transitions 
have  been  exposed  in  some  of  the  workings. 

Sulphides  in  some  amount  invariably  accompany  the  contacts  of 
porphyry  that  is  altered  to  this  degree. 

Farther  away  from  the  centers  of  action  slight  chloritization  of  the 
base,  of  some  feldspars  and  of  micas,  and  eventually  of  the  micas  alone, 
is  the  only  alteration  noticeable.  This  fades  out  in  a  few  observed 
cases  to  fresh  rock,  or  rock  affected  only  by  meteoric  waters.  The  con- 
tacts of  this  less  altered  porphyry  have  either  just  a  little  pyrite  and  spha- 
lerite, or  no  sulphides  at  all,  and  even  have  had  no  appreciable  effect 
on  the  immediately  adjacent  limestone  when  seen  in  thin  section. 

The  alteration  of  the  more  basic  dikes  which  cut  the  contact  breccia 
is  also  similar  to  the  one  induced  in  the  breccia,  except  that  the  earlier 
changes  are  not  observed  in  these  dikes. 

Summary 

To  summarize,  it  may  be  said  that  the  weakest  as  well  as  the  farth- 
est reaching  alteration  in  the  porphyry  is  chloritization.  Next  comes 
epidotization,  which  is  of  minor  importance.  Sericite  and  finally  quartz 
are  the  additional  minerals  formed  with  the  increase  in  the  strength  as 
well,  probably,  as  the  temperature  of  the  emanations.  The  minerals 
formed  by  the  stronger  solutions  are  formed  by  replacement  of  the  earlier 
ones,  in  the  ordinary  case  when  metamorphism  is  advancing  in  intensity 
from  the  center.  Superimposed  alteration  may  be  caused  by  later  in- 
trusives,  or  in  certain  instances  by  the  decrease  in  intensity  in  the  dying- 
out  period  of  alteration. 

Some  unaltered  dikes  in  Holbrook  and  Czar  ground  are  found  in 
zones  where  the  rest  of  the  rocks  show  intense  sericitization,  including 
some  masses  of  porphyry.  These  dikes  are  associated  also  with  some 
sulphide  ores,  the  contacts  being  far  more  distinct  than  ordinarily.  If  it 
were  not  for  the  slight  sericitization  of  these  dikes  close  to  the  ore,  while 
away  from  it  they  show  no  hydrothermal  action,  it  would  be  possible 
to  believe  that  they  are  the  result  of  post-mineralization  intrusions. 

The  Shattuck  dike  shows  similar  phenomena,  as  it  is  very  fresh  for 
long  stretches,  and  then,  close  to  the  ore  zones  in  Uncle  Sam  and  Shattuck 
ground  is  almost  as  altered  as  any  rock  around  Sacramento  Hill,  showing 
that  the  altering  solutions  did  not  accompany  all  the  porphyry  but  found 
their  way  through  special  channels. 

The  following  partial  analyses  of  altered  porphyries  are  typical: 
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I  II  III 

Au,  ounces Nil  Nil  Nil 

Ag,  ounces 0.04  0.08  0.04 

Per  Cent.  Per  Cent.  Per  Cent. 

Cu 0.24  0.11  0.11 

Pb Tr.  Tr.  Tr. 

SiO, 56.9  76.6  73.3 

Fe 9.8  6.6  6.7 

CaO 1.8  3.1  0.6 

MgO 0.6  3.2  2.8 

Al,Oi 16.6  7.4  10.1 

8 8.8  1.0  0.4 

Mn 0.6  0.6  0.6 

Zn Tr.  Tr.  Tr. 

P 0.08  0.10  0.09 

Totals 94.32        97.71        93.60 

I.  Highly  sericitized  porphyry  with  pyrite,  from  Sacramento  dike, 
cloBe  to  Sacramento  Hill. 

II.  Chloritized,  partly  dericitized  and  epidotized  porphyry,  from 
Sacramento  dike,  about  1,000  ft.  away  from  the  hill. 

IIL    Slightly  chloritized  porphyry,  Dallas  mine. 

The  general  zones  of  primary  alteration  are  shown  for  the  sections 
through  the  camp  in  Plates  5A,  6A,  and  7 A.  Silicification  and  sericiti- 
zation  have  been  explained  already.  Chloritization  is  not  marked  be- 
cause it  is  too  irregular,  and  though  important  in  the  porphyry,  the  sedi- 
ments in  that  zone  are  not  generally  affected.  The  zone  of  sulphide 
replacement  was  introduced,  where  the  limestones  surrounding  sulphide 
replacements  were  affected  so  slightly  inunediately  away  from  the  ore- 
bodies  that  there  can  be  said  to  be  practically  no  metamorphism. 

VIII.  THE  ORES  OF  THE  DISTRICT 

General  Occurrences 

The  general  occurrence  of  the  orebodies  can  be  best  appreciated  by 
reference  to  the  horizontal  and  vertical  projections  of  the  stopes  given 
in  Plates  8  to  10. 

In  the  horizontal  projection  (Plate  8),  there  is  a  well-marked  crescent- 
shaped  zone  around  Sacramento  HiU,  with  an  extension  around  the  Lowell 
mass  of  granite  porphyry.  Along  the  Dividend  and  Czar  zones  the  effects 
of  major  structural  lines  are  well  marked  by  the  abundance  of  ore  taken 
out.  The  Shattuck  dike-Czar  zone  intersection  has  its  group  of  orebodies, 
and  extensions  and  outliers  from  the  general  zone  follow  both  the  Sac- 
ramento dike  and  the  series  of  breaks  in  Briggs  and  Cole  ground  to  the 
southward. 
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Id  the  vertical  projeotions  (Plates  9  and  10)  the  inclination  of  the  we 
zone  is  shown;  also  in  Plates  5  and  6  the  Btratigraphical  position  is  seeo 
to  follow  in  general  the  dip  of  the  limestones,  at  horizons  varying  from 
the  top  300  ft.  of  the  Cambrian  to  the  lower  300  ft.  of  the  Carboniferom. 
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Clab'sification  of  the  Obgbodies 

As  in  the  case  of  the  metamorphism  and  alteration  of  the  rocks,  the 
authors  have  found  no  reason  to  separate  the  orebodies  due  to  genetic 
differences.    All  the  ores  are  believed  to  be  due  to  one  general  period  of 
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primary  mineraliEation  which  foUowed  cloeely  the  intrusion  of  the  main 
porphyry  masses.  Differences  in  the  ores  are  ascribed  mainly  to  the 
character  of  the  formation  that  they  replace  and  to  the  amount  of  general 


:^ 


^ 
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tnetamorptiism  in  the  surrounding  rocks  due  to  the  distance  from  the 
centers  of  alteration.  All  the  ores  are  also  believed  to  be  formed  by  mcta- 
Bomatic  replacements  ot'various  rocks- 


Plate  11. — Sacbauento  Hill  Orbbodv. 

Four  convenient  Bubdivisions  can  be  made,  dependent  on  the  forma- 
tion replaced,  as  follows;  ores  in  porphyry,  in  contact  breccia,  in  contact 
QKtamorphic  limestone,  and  in  relatively  unaltered  Umestone.    In  con- 
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sidering  these  ores,  the  primary  mineraUzatioa  will  be  taken  up  fitst  and 
the  effects  of  meteoric  water  circulation  left  for  later  discussioo. 

Ores  in  Porphyry 

To  this  type  belonp  the  ore  developed  recently  in  Sacramento  Hill. 
The  ore  occurs  as  a  very  irregular  mass  of  chalcocite,  pyrite  and  some 
bornite  in  brecciated,  altered  porphyry  at  the  inner  side  of  the  contact 
breccia.  The  ore  also  penetrates  the  contact  breccia,  as  shown  in  FlaUs5 
and  11,  and  connects  with  some  typical  bodies  in  this  latter  rock.  The 
porphyry,  in  general,  is  sericitieed,  and  somewhat  silicified  close  to  the 


1  15-12  Ocebody  ,  Sacramento   Mine. 


breccia,  and  in  parts  of  the  ore.  The  primary  sulphide  minenJa  are 
pyrite  and  bomite  alone,  this  being  the  only  type  of  ore  in  the  camp  i" 
which  chalcopyrite  is  not  an  important  constituent.  Partial  analyse  of 
this  porphyry  ore  are  given  in  Table  2. 

Besides  the  ore  in  Sacramento  Hill,  ore  occurs  in  porphyry  in  a 
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great  many  places  in  the  contact-metamorphic  zone,  where  the  sulphides 
replace  limestone  and  in  a  minor,  but  very  distinct  way,  the  adjacent 
porphyry.  A  noteworthy  example  of  this  is  the  orebody  known  as  the 
Dividend  Slice  No.  1,  where  most  of  thfe  porphyry  is  entirely  converted 
into  ore. 

Ores  in  Contact  Breccia 

This  second  type  of  ore  is  found  from  the  Holbrook  to  the  Lowell, 
Oliver  and  Sacramento  mines.  The  bodies  are  extremely  irregular  in 
shape  and  size,  and  are  not  confined  to  any  definite  horizon,  but  are 
usually  found  in  imenriched  and  unoxidized  state.  One  of  these  bodies 
outcropped  to  the  west  of  Sacramento  Hill. 

The  breccia,  as  has  been  explained,  is  highly  silicified,  and  the  ores 
themselves  may  be  in  an  extra  siliceous  portion,  or  in  a  chloritized  zone 
due  to  one  of  the  later  dikes  mentioned  before.  The  value  of  the  con- 
tact breccia  as  an  ore  zone  has  been  realized  only  within  the  last  few  years, 
as  the  rock  is  perhaps  the  most  di£5icult  of  all  to  prospect. 

Ofe«  in  Contact-Metamorphic  Zone 

To  this  class  and  the  next  belong  a  great  majority  of  the  ores  hereto- 
fore mined  in  the  district.  The  contact-metamorphic  zone,  marked  by 
many  alteration  products  in  the  limestone,  but  mainly  by  sericitization 
of  both  intrusive  and  intruded  rocks,  forms  a  block  around  Sacramento 
Hill  and  the  associated  extensions  of  the  porphyry.  The  ores  occur  as 
irregular  bodies  intimately  connected  with  dikes  and  sills  which  are  direct 
offshoots  of  the  main  porphyry  masses.  The  replacements  extend  from 
some  distance  in  the  porphyry,  through  some  of  the  unrecognizable 
altered  limestones,  into  the  distinct  bedding  planes  of  less  metamorphosed 
sediments. 

Faulting  and  crushing  previous  to  the  introduction  of  the  porphyry 
and  ore  solutions  played  an  important  part  in  determining  the  location 
and  limiting  the  size  of  individual  orebodies.  Very  little  post-ore  deposi- 
tion faulting  has  occurred,  so  little  in  fact,  that  it  is  a  negligible  factor  for 
most  of  the  district. 

The  contact-metamorphic  zone  occurs  almost  entirely  in  Martin  and 
in  the  first  200  ft.  of  Escabrosa  limestone.  Some  orebodies,  however, 
are  found  in  the  top  100  ft.  of  Abrigo  as  shown  clearly  in  Plates  5,  6 
and  7.  To  this  zone  belongs  the  ore  found  along  the  Dividend  Fault, 
which  has  played  such  an  important  part  in  structure  and  mineralization 
of  the  district.  The  rich  ore  mined  early  from  the  Czar  and  Holbrook 
was  taken  out  along  this  fault,  and  rich  ore  is  still  being  mined  in  the 
Czar  from  along  it. 

To  this  type  of  orebody  belong  also  a  great  part  of  the  ores  imme- 
diately adjacent  to  the  Sacramento  dike,  Lowell  sill,  and  to  dikes  in  the 
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Junction  and  Oliver  mines,  though  these  bodies,  being  outside  of  the 
highly  altered  zone,  generally  grade  into  typical  replacements  of  the 
unaltered  limestones. 

Ores  in  Relatively  Unaltered  lAmesUme 

To  this  subdivision  belong  the  orebodies  in  the  Southwest,  Higgins, 
Wolverine,  Uncle  Sam,  Shattuck,  the  south  end  of  the  Spray,  Irish  Mag 
and  Oliver  mines,  all  of  the  ore  in  the  Cole  and  Briggs,  and  the  major 
portion  of  the  ores  in  the  Sacramento,  Hoatson  and  Junction  mines.  A 
brief  description  of  each  of  these  occurrences  is  given  below. 

The  Southwest  orebodies,  which  include  the  original  ore  discovery  of 
the  camp,  occur  as  replacements  of  Martin'  and  Escabrosa  limestones 
along  the  Czar  Fault.  The  original  Queen  orebody  outcropped  at  the 
surface,  at  the  big  glory  hole  at  the  base  of  Queen  Hill.  It  occurred  in 
the  foot-wall  side  of  the  Czar  Fault,  replacing  Martin  and  Escabrosa  lime- 
stones. Following  the  Czar  Fault  to  the  southwest  is  a  continuous  chain 
of  orebodies  in  the  hanging-wall  side  of  the  fault,  in  the  same  stratigraphic 
horizon,  until  the  present  Southwest  workings  are  reached.  At  this  point 
the  orebodies  again  cut  across  to  the  foot-wall  side,  but  keep  in  the  same 
horizon.  It  is  these  foot-wall  orebodies  that  are  being  mined  at  present. 
The  Czar  Fault  is  here  broken  up  and  forms  blocks  with  east-to-west 
faults.  In  this  crushed  zone  occurs  a  large  mass  of  brecciated  iron- 
stained  silica,  which  outcrops  on  the  surface  on. both  sides  of  Hendrick'a 
Gulch.  The  orebodies  are  found  at  and  near  the  contacts  of  this  mass,  as 
replacements  of  Martin  and  Escabrosa  beds,  and  penetrate  the  breccia 
itself  for  short  distances.     The  ore  is  both  of  copper  and  of  lead. 

The  ore  early  mined  along  the  Czar  Fault  (and  now  being  largely 
remined),  was  closely  associated  with  porphyry  dikes  and  sills,  which 
came  up  along  the  fault.  The  present  orebodies,  however,  are  not  in 
contact  with  porphyry.  The  silica  breccia  mass,  however,  in  depth  is 
connected  with  porphyry. 

Following  the  Silver  Bear  Fault,  which  forms  the  eastern  boundary 
of  the  Queen  Hill  Block,  another  series  of  orebodies  occur,  also  as  replace- 
ments of  Martin  and  Escabrosa  limestone.  These  orebodies  are  directly 
related  to  porphyry  dikes  and  sills. 

The  Higgins,  Wolverine,  Shattuck  and  Uncle  Sam  orebodies  occur 
close  to  and  in  contact  with  the  Shattuck  dike.  The  Higgins  and 
Wolverine  are  the  farthest  west,  and  therefore  farthest  removed  from 
Sacramento  Hill.  Here  the  dike,  as  exposed  underground,  occurs  as  a 
dike  of  unaltered  porphyry,  and  the  orebodies  are  found  on  both  sides 
replacing  Abrigo  limestone  about  100  ft.  below  the  top.  The  Uncle  Sam 
and  Shattuck  orebodies  occur  as  replacements  of  Martin  and  Escabrosa 
limestones,  very  intimately  associated  with  a  large  sill  of  porphyry  into 
which  the  Shattuck  dike  makes  in  depth.     At  the  Shattuck,  another  mass 
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of  silica  breccia  occurs,  more  intimately  associated  with  the  porphyry 
than  at  the  Southwest,  with  ore  formed  at  the  contacts,  and  penetrat- 
ing into  the  mass.  Here  again  the  ore  is  both  lead  and  copper  as  at  the 
Southwest. 

To  the  south  and  west  of  the  Contact  Block  is  a  relatively  up-thrown 
block,  bounded  by  the  Dixie-Howell-Senator  Fault  on  the  north  and  east, 
and  by  the  Oliver  Fault  to  the  southwest,  previously  mentioned  as  the 
Oliver  Block.  In  Irish  Mag,  Gardner,  and  Oliver  ground,  the  block 
is  much  broken  up  by  N.-S.  fractures,  and  here  there  are  orebodies  in 
the  foot-wall  side  of  the  Dixie-Howell-Senator  Fault  replacing  Abrigo 
and  Martin  beds.  In  Spray,  and  in  part  of  the  Oliver  ground  where  the 
block  is  less  fractured,  orebodies  are  found  entirely  as  replacements  of 
Abrigo  limestone,  from  100  to  300  ft.  down  from  the  top.  In  Spray 
ground  no  porphyry  has  yet  beeq  found  anywhere  near  these  orebodies. 
In  Oliver  ground,  they  are  associated  with  small  dikes. 

In  the  Cole  mine,  orebodies  occur  in  the  Martin  limestone  and  extend 
for  a  short  distance  into  the  top  of  the  Abrigo,  along  N.-S.  fractures. 
These  orebodies  occur  in  the  hanging-wall  side  of  the  Oliver  Fault. 
This  fault,  between  the  Cole  and  Oliver  mines,  has  cut  ofif  one  of  these 
orebodies  and  is,  therefore,  post-ore  deposition  in  age,  one  of  the  few 
breaks  of  its  kind  in  the  productive  area  of  the  camp.  The  Cole  orebodies 
are  not  directly  connected  with  porphyry. 

The  orebodies  of  the  Briggs  mine  are  similar  to  those  of  the  Cole  in 
structure,  being  related  to  a  N.-S.  fractured  zone,  not  directly  connected 
with  porphyry.    They  are  also  replacements  of  Martin  limestone. 

The  orebodies  in  the  Hardscrabble  claim  of  the  Sacramento  mine,  and 
part  of  the  Hoatson  mine  are  directly  associated  with  the  Sacramento  Dike. 
The  orebodies  exist  as  replacements  of  Escabrosa  limestone,  the  horizon 
being  about  200  ft.  up  from  the  base.  The  orebodies  here  are  in  direct 
contact  with  the  dike  on  both  sides,  and  make  into  it  for  short  distances. 

To  sunmiarize,  the  orebodies  in  the  unaltered  limestone  occur  for  the 
most  part  at  or  near  porphyry  contacts,  but  they  also  occur  away  from 
porphyry  in  fractured  country.  In  fractured  country  and  where  intru- 
sions are  numerous,  the  ore  horizon  tends  to  rise,  and  ore  is  found  mostly 
occurring  from  the  base  of  the  Martin  limestone  to  300  ft.  above  the  base 
of  the  Escahrosa.  In  unfractured,  and  relatively  less  intruded  country, 
on  the  other  hand,  the  horizon  tends  to  drop  and  ore  is  found  in  the 
Abrigo  limestone. 

In  the  illustrations  showing  the  zones  of  alteration  (Plates  SA,  5B, 
6A,  6fi,  7-4,  and  IB)  the  orebodies  in  porphyry  are  seen  to  be  between 
the  sericitized  and  siliciiied  portions  of  that  formation.  The  ores  in 
breccia  are  in  a  highly  siliciiied  zone.  The  ores  in  .the  contact-meta- 
niorphic  limestones  occur  where  the  alteration  is  mainly  sericitic. 

Table  2  gives  partial  analyses  of  the  orebodies  along  sections  shown 
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by  the  illustrations  and  the  rocks  that  they  are  found  in,  as  well  as  the 
character  of  the  ore  dependent  on  oxidation. 

Table  2. — Partial  Analyses  of  Orebodies  along  Sections  of  Plate  4 

Section  A-A 


Rook  Replaced 

Location 

Oxidation 
Features 

Cu, 

Per 

Cent. 

Per 
Cent. 

Per 
Cent. 

SiOs.  AliOi  CaO. 

Per      Per     Per 

Cent.  Cent;  Cent. 

1 

PorDhyry 

East  end  Sac.  Hill 
West  end  Sac.  Hill 
West  end  Sao.  Hill 
West  end  Sao.  Hill 
West  end  Sac.  Hill 
West  end  Sac.  Hill 
Breccia    West    of 

Sac.  HiU. 
Breccia    West    of 

Sac.  HiU. 

Holbrook 
Holbrook 

Holbrook 
Holbrook 
Southwest 

1 
Enriched 
Enriched 
Enriched 
Enriched 
Enriched 
Enriched 
Primary 

Slightly  enriched 

Enriched 
Enriched 

Slightly  enriched 
Residual  carbonate 
Residual  carbonate 

1           1 
2.76      9.3      8.0    69.6 

13.6     1.2 

Porphyry 

1.8 
3.7 
6.6 
7.8 
12.2 
6.4 

6.1 

8.8 
4.4 

5.0 
6.3 
4.1 

9.4 
10.8 
18.6 
17.0 

9.8    60.6 
11.8    68.1 

11.4     0.9 

Porphyry 

10.4     0.8 

16.8 
20.1 

50.1 
44.3 
43.7 
40.7 

46.1 

21.8: 
13.0 

16.2 
10.1 
18.3 

7.8     0.7 

Porphyry 

6.0     0.7 

PorDhyry 

16.9 

21.3 

8.8     0.4 

Contact  breccia 

Contact  breccia 

Contact    metamorphic 
limestone 

19.1    22.4 
14.7    16.4 

22.7      ? 

6.3 
9.1 

16.1 

0.7 
0.5 

0.9 

Contact    metamorphic 
limestone 

24.4 

81.1 
22.3 
12.2 

26.3 

36.2 
0.2 
0.1 

i5.i;  j.o 

Contact    metamorphic 
limestone      (slightly 
altered) 

1 

1 

6.2 

Escabrosa  limestone 

Devonian  limestone 

5.3    14.8 
7.3   12.9 

Section  B-B 

Escabrosa     lime     and 
DOTDhyry 

Uncle  Sam  Mine 
Uncle  Sam  Mine 
Gardner 
Gardner 
Gardner 

Gardner 
Gardner 
Sacramento 

Residual  ore 
Residual  ore  - 
Primary 
Primary 
Residual  carbonate 

Primary 
Primary 
Enriched  ore 

Section  C-C 

14.7 

6.6 

6.1 

4.7 

8.6 

4.3 
4.8 
9.3 

26.3 
22.6 
28.5 
32.6 
26.9 

84.1 
30.6 
22.7 

•  •  • 

•  •  • 

29.3 
36.0 

•  •  « 

27.7 
40.0 

23.0 

1 

20.6 
19.8 
20.7 
16.1 
20.0 

14.8 
13.6 
25.6 

7.6"    2.6 

Devonian  lime ......... 

9.6!    7.0 

Abrigo  limestone 

Devonian  limestone. . . . 

Escabrosa  limestone 

Metamorphosed  Devo- 
nian   

4.3;    1.7 

.     6.1     3.1 

6.1     8.0 

2.45     1.3 

Contact  breccia 

Metamorphic  limestone. 

4.5 
11.4 

:    1.4 
1.3 

2.6 
1    1.6 
1    1.5 

,    0* 
'    0.3 

Abrigo  limestone 

Partly  altered  Devonian 
Partly  altered  Escabrosa 
Seridtised  metamorphic 
Sericitised  metamorphic 
lime  and  porphyry. . . 

White  Tail  Deer 
Holbrook 
Holbrook 
Holbrook 

Holbrook      (Divi- 
dend) . 

Residual  carbonate 
Residual  carbonate 
Residual  carbonate 
Enriched  sulphide 

Enriched  sulphide 

6.26 
8.1 
4.4 
6.6 

6.6 

13.8 
13.2 
26.1 
21.1 

17.6 

1 

1 

■  •  • 

1   Tr. 

'  Tr. 

T 

12.6 

46.9 
26.0 
19.4 
14.9 

17.8 

1 

5.2 
10.5 

9.5 
23.0 

23.2 

Mineralogy  op  the  Ores 

As  in  the  case  of  rock  alteration,  primary  minerals  in  the  ores  have 
been  changed  greatly  by  the  circulation  of  meteoric  waters,  and  the 
criteria  have  already  been  given  for  determining  the  primary  zone  under 
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the  caption,  ''The  Effect  of  Contact  and  Hydrothermal  Metamorphism 
on  the  Formations." 

The  original  sulphides  of  copper  deposited  are  comparatively  few 
in  number,  bhalcopyrite  and  bomite  being  the  important  ones  economic- 
ally. Tennantite  is  the  only  other  copper-bearing  mineral  so  far  foimd 
in  the  primary  zone,  if  exception  be  made  of  one  or  two  unknown  minerals 
seen  with  the  microscope.  Pyrite  is  such  an  important  constituent  of 
the  ores,  that  it  must  be  considered  along  with  the  copper  minerals,  and 
magnetite,  hematite,  sphalerite  and  galena  are  conmion  enough  to  be 
considered  part  of  the  ores,  especially  the  last  two,  since  they  are  the 
source  of  oxidized  ores  of  importance. 

Chalcocite  is  very  abundant  in  many  forms  in  the  zone  of  enrichment 
but  has  not  been  seen  in  the  undoubted  primary  zone,  though  this  has 
been  considerably  explored.  It  is  therefore  highly  probable  that  this 
mineral  was  not  formed  by  the  ascending  solutions  in  this  district,  and 
conflicting  microscopic  evidence  in  the  ores  above  has  been  considered 
insufficient  to  offset  the  field  evidence  of  the  primary  zone. 

Pyrite 

Of  the  sulphides,  pyrite  is  generally  the  first  formed,  and  accompanies 
every  one  of  the  stages  of  alteration  described  under  metamorphism.  In 
the  ores,  very  fine  examples  of  the  structures  described  by  Graton  and 
Murdoch*  may  be  seen,  grading  from  the  perfect  "porphyritic"  relation 
between  well-formed  pyrite  crystals  and  the  other  sulphides,  to  a  mass  of 
pyrite  grains  with  little  interstitial  chalcopyrite  or  bomite. 

As  additional  evidence  for  explaining  the  mode  of  formation  of  some 
of  the  sulphides  the  following  observations  will  be  given.  Around  any 
orebody,  pyrite  usually  persists  in  the  same  general  relations  to  the  rock 
or  gangue,  that  it  has  to  the  other  sulphides  in  the  ore,  with  the  exception 
that  in  the  ore  the  individual  pyrite  grains  are  broken  up,  penetrated  or 
I'eabsorbed  by  the  other  sulphides  in  such  forms  as  are  illustrated  in 
Plate  13,  Fig.  2,  and  Plate  14.  Thus,  ore  in  porphyry  has  pyrite  vein- 
lets  extending  into  the  rock  along  joints  and  it  will  be  found  disseminated 
through  the  rock  in  irregular  grains  that  usually  started  around  a  biotite. 
These  same  pyrite  veinlets  and  disseminated  grains  will  persist  even  when 
aU  the  rock  has  been  replaced  by  sulphides,  as  can  be  seen  in  Plate  13, 
Fig.  3.  In  limestone  replacements,  pyrite  will  extend  out  along  bedding 
planes  in  layers  that  are  continuous  with  pyrite  bands  in  the  copper  ore. 
And  pyrite  crystals  will  be  found  to  have  the  same  "porphyritic"  rela- 
tion to  slightly  altered  Abrigo  limestone  as  they  have  to  the  rich  ore  in 


*L  C.  Graton  and  J.  Murdoch:  The  Sulphide  Ores  of  Copper,  Transactwna, 
vol.  45.  pp.  26-93  (1913). 
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Fja.  3. — Replacement  op  All  Rock  bt  Sclpbidbs  with  Pveitb 

Ve INLETS  PBKSlBTItja. 
PLATB    13. 
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that  formation,  with  the  exception  given  above,  that  there  is  little 
breaking  up  of  the  pyrite  (see  Plate  13,  Fig.  1). 


Via.  2. 

Platb  14. — Obiqinal  Ptbitb  Grains  Broken  and  Reabsorbed  bt 

Other  Priuart  Sdlpbides. 

This  information,  coupled  with  microscopic  observations  concerning 
the  age  of  crystallization  of  the  pyrite  has  led  to  the  belief  that  in  the  ore 
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f ormatioji  p3nite  is  the  advance  sulphide,  formed  partly  by  solutions  that 
are  not  yet  precipitating  copper  minerals.  When  these  latter  are  formed, 
they  take  their  place  by  replacement  of  the  gangue  and  rock  mostly,  but 
also  by  slightly  replacing  the  earlier  formed  pyrite.  This  may  explain 
certain  veinlet-like  stringers  of  pyrite,  which  apparently  cut  ihe  other 
sulphides,  but  which  when  examined  in  detail  show  that  each  grain  of 
pyrite  has  been  attacked  by  chalcopyrite  or  bomite. 

Age  Bdationship  of  Pyrite. — ^In  the  porphyry  ores,  pyrite  is  found  to 
have  crystaUized  at  about  the  same  time  as  the  sericitization  occurred 
with  some  of  the  grains  a  little  earlier.  Pyrite  deposition  also  extended 
into  the  period  of  sUicification,  but  was  undoubtedly  also  replaced  by 
quartz.  Bomite,  the  copper  mineral,  is  found  replacing  the  pyrite  as 
already  mentioned. 

In  the  contact  breccia,  due  to  the  many  complicated  interrelations 
found,  the  pyrite  cannot  be  said  to  have  formed  at  any^definite  stage. 
In  general  it  holds  true  that  pyrite  is  earUer  than  the  rest  of  the  sulphides, 
but  distinct  veins  of  it  have  been  found  through  crushed  pyrite,  bomite 
and  chalcopyrite  ore.  Magnetite,  specularite,  and  sphalerite  are  of  about 
the  same  age  as  the  pyrite,  and  garnet,  diopside  and  wollastonite  slightly 
earlier. 

In  the  contact-metamorphic  limestone  orebodies,  pyrite  and  sericit^ 
again  belong  to  the  same  period  of  formation,  earlier  than  the  copper 
sulphides,  and  slightly  later  than  tremolite  and  other  contact  silicates. 
In  this  zone,  pyrite  veins  are  found  cutting  magnetite,  specularite  and 
earlier  pyrite  bodies. 

In  the  orebodies  that  replace  unaltered  limestone  the  relations  are  the 
simplest,  pyrite  being  closer  in  age  to  the  copper,  zinc,  and  lead  sulphides 
than  in  any  other  place. 

Chalcopyrite 

This  mineral  is  undoubtedly  the  most  abundant  primary  copper 
sulphide  in  the  district,  and  is  prevalent  in  all  the  ores,  except  in  the  dis- 
seminated porphyry  ore  in  Sacramento  Hill.  This  ore  is  distinguished 
mineralogically  from  all  others  in  the  district  by  having  as  undoubted 
primary  sulphides,  pyrite  and  bornite  alone. 

Chalcopyrite  is  generally  associated  with  the  more  siliceous  ores,  ex- 
cept in  porphyry,  its  period  of  formation  being  slightly  later  than  that 
of  sericitization,  but  contemporaneous  with  silicification.  In  cases  where 
there  is  late  chloritization,  some  remarkably  pure  bodies  of  chalcopyrite 
are  formed,  as  is  also  the  case  in  certain  vein-like  bodies  extending  far 
above  the  general  ore  horizon,  where  galena  is  also  abundant. 

The  intergrowths  of  chalcopyrite  and  bornite  show  them  to  be  of 
contemporaneous  precipitation,  with  a  slight  lagging  of  the  bomite 
formation. 
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Bomite 

This  mineral  is  universally  found  in  the  primary  ores,  though  not  as 
abundantly  as  chalcopyrite,  as  has  been  stated. 

Although  bornite  occurs  undoubtedly  in  the  richer  primary  ores, 
there  has  been  no  reason  foimd  for  its  formation  in  preference  to  chalco- 
pyrite,  as  it  comes  in  rich  and  lean  ores,  and  in  those  with  a  great 
amount  of  pyrite,  also  when  there  is  scarcely  any  pyrite.  Fig.  1,  in  Plate 
18,  illustrates  a  casei  where  bomite  and  pyrite  replace  the  cement  in  a 
calcareous  Devonian  sandstone,  where  the  amount  of  copper  is  not  enough 
to  give  0.2  per  cent. 

Tennantite 

This  mineral  is  foimd  usually  in  microscopic  amounts  only,  in  prac- 
tically all  the  ores.  Its  age  of  crystallization  is  between  that  of  pyrite 
and  chalcopyrite.  Thei^  may  be  some  tetrahedrite,  but  as  arsenic  is 
more  abundant  than  antimony  in  the  specimens  analysed,  the  mineral 
seen  has  been  taken  to  be  tennantite. 


Sphalerite 

The  sulphide  of  zinc  is  foimd  in  all  the  primary  ores  in  minor  quan- 
tities, with  zonal  inclusions  of  chalcopyrite  and  galena  in  very  fine  grains 
(Plate  17,  Fig.  1).  In  a  few  places  such  as  between  the  Southwest  and 
Czar  mines,  in  the  Gardner,  and  in  Briggs  ground,  sphalerite  is  found 
in  rather  large  bodies  with  pyrite  and  chalcopyrite.  It  generally  re- 
places Martin  limestone,  and  apparently  its  general  relations  are  no 
different  from  those  of  the  copper  ores. 

Galena 

Like  sphalerite,  galena  is  associated  with  most  of  the  primary  ores,  but 
is  decidedly  more  abundant  where  the  ores  are  in  highly  cUoritized 
ground.  The  ground  adjacent  to  the  latest  basic  porphyry  dikes,  in  con- 
tact breccia  and  in  limestone,  generally  has  more  galena  than  the  rest. 
An  exception  to  this  may  have  been  the  zones  around  the  silica  breccia 
masses  of  the  Southwest  and  Shattuck  mines,  but  unfortunately  oxidation 
has  obliterated  thoroughly  all  primary  mineralization.  Lead  carbonates 
and  sulphates  are  here  found  in  abundance. 

Galena  is  found  more  abundantly  also  in  the  top  zone  of  the  ores,  as  a 
residual  sulphide,  so  the  general  impression  given  by  the  occurrence  of 
the  lead  sulphide  is  that  it  is  more  abundant  in  the  last  stages  of  minerali- 
zation and  also  that  it  was  carried  farther  than  the  copper. 
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Other  Primary  Metallic  Minerals 

Magnetite  and  specularite  occur  sometimes  in  large  bodies  that  show 
a  very  perfect  intergrowth  of  these  oxides,  as  well  as  with  pyrite,  as  has 
been  mentioned.  The  occurrence  of  these  bodies  is  limited  to  the  contact- 
metamorphic  zone,  or  is  immediately  on  the  contact  of  porphyry  dikes. 
A  few  grains  of  pyrrhotite  have  been  seen  here,  indicating  the  high  tem- 
perature of  their  formation. 

Specularite  is  also  found  associated  with  the  orebodies  in  contact 
breccia  that  come  with  the  basic,  chloritizing  porphjrry  dikes.  The 
oxide  is  here  a  valuable  indication  of  the  proximity  of  ore,  in  a  zone  where 
all  other  features  are  baffling  in  their  irregularity. 

Silver  and  gold  minerals  have  not  been  seen  in  the  primary  zone,  with 
the  possible  exception  of  a  few  grains  of  polybasite  foxmd  in  galena. 
Gold  and  silver  values  are  considerable  in  all  the  copper  ores,  and  more 
so  probably  in  the  sulphides  than  in  the  oxides,  but  their  amount  could 
easily  escape  detection  even  under  the  microscope.  Tennantite,  as  well 
as  one  or  two  brownish  unknown  minerals  in  the  sulphides  may  be  the 
precious-metal  carriers. 

IX.  OXIDATION  AND  ENRICHMENT 

General  Features 

The  most  striking  feature  of  oxidation  of  the  orebodies  in  the  Warren 
district  is  the  varying  elevations  at  which  the  column,  from  oxidized  to 
primary  ores,  repeats  itself  in  going  from  the  western  to  the  eastern  side 
of  the  mining  area.  At  the  extreme  western  end,  the  Higgins  and  Wolver- 
ine mines  have  primary  ores  in  Abrigo  limestV)ne  far  above  the  level  of 
the  adjacent  creek  bottoms,  and  consequently  far  above  the  present 
ground-water  level.  In  the  Czar  mine  oxidation  and  enrichment  go 
down  to  just  under  the  300  level,  which  is  about  5,000  ft.  above  sea  level. 
In  the  Holbrook  division  some  primary  ore  outcropped  at  the  west  of 
Sacramento  Hill,  while  some  distance  south,  enrichment  goes  down  below 
the  500  level.  In  the  Gardner,  primary  ores  are  not  found  till  the  9th 
level  is  reached,  and  in  the  the  Lowell  mine  they  are  encountered,  in 
some  instances  at  the  10th  level,  but  generally  below  the  13th,  although 
the  permanent  water  level  was  encoimtered  here  around  the  10th  level, 
or  at  an  elevation  of  4,325  ft. 

In  the  Hoatson  mine,  oxidation  features  were  found  down  to  an  eleva- 
tion of  about  3,800  ft.  above  sea  level,  and  even  deeper  in  part  of  the  Sacra- 
mento and  Junction  mines,  although  the  permanent  water  level  was  far 
above  this  before  the  mines  were  drained  by  opening  up  and  pumping 
from  the  deeper  levels  of  the  Junction. 
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The  oxidation  features  shown  by  the  illustrations  of  the  sections 
through  the  camp  (Plates  5b,  66,  and  7b),  illustrate  this  general  inclina- 
tion to  the  southeast.  It  will  be  noticed  that  the  oxidation  follows  in 
general  the  dip  of  the  Paleozoic  sediments,  the  average  horizon  reached 
being  somewhere  in  the  Devonian.  There  is  a  marked  lagging  of  the 
oxidation  at  the  eastern  end,  however,  as  here  it  does  not  reach  the  top 
Devonian.  In  this,  the  oxidation  may  be  seen  to  correspond  more  closely 
to  the  pre-Cretaceous  erosion  surface. 

It  will  be  seen  also  that  there  are  some  sudden  changes  in  the  level 
of  oxidation,  as  best  shown  in  section  A-A  of  Plate  5,  and  also  that  there 
are  great  variations  in  the  extent  of  the  zone  of  secondary  sulphides. 
All  these  features  have  fairly  definite  relations  to  the  geologic  history  and 
structure,  to  the  natiu'e  of  the  formations,  and  to  the  primary  alterations 
in  them.  The  object  of  this  chapter  will  be  to  explain  what  is  known  of 
those  relations. 

It  will  first  be  necessary  to  present  the  criteria  for  the  subdivisions 
of  the  zone  in  which  meteoric  waters  have  circulated,  in  many  directions, 
but  generally  downward.  It  has  been  stated  before  that  the  primary 
zone  was  marked  by  steady  conditions  and  constant  mineralogical  asso- 
ciations. The  deepest  effects  of  the  surface-water  circulation  are  imme- 
diately and  clearly  marked  in  this  district  by  veinlets,  filled  cavities  and 
coatings  of  other  minerals. 

Just  above  the  primary  zone  there  is  an  extremely  variable  thickness 
where  the  prevailing  secondary  mineral  is  siderite  with  a  little  gypsum 
and  an  extremely  small  amount  of  chalcocite.  Above  this  is  usually  a 
zone  where  halloysite  and  kaolin  are  most  prominent  among  the  second- 
ary gangue  minerals,  and  chalcocite  is  abundant  as  a  replacement  of 
primary  sulphides.  Next  higher,  limonite,  and  the  staining  due  to  iron 
oxides — gossan  formation,  in  other  words, — is  the  prevailing  feature. 
Within  this  zone  there  are  found  the  local  bodies  of  residual  ores,  which 
have  for  some  reason  resisted  the  general  leaching  effect  of  strongly 
oxidizing  waters.  One  or  all  the  zones  above  the  primary  may  be 
lacking  at  any  point  for  reasons  which  will  be  explained  later. 

Relations  op  Oxidation  to  Structure  and  Geological  History 

Notman^  has  already  pointed  out  the  relations  between  the  attitude 
of  the  oxidation  and  present  and  past  water  levels.  That  the  present 
water  level  does  not  account  for  the  oxidation  is  proved  by  the  occurrence 
of  unoxidized  ores  above  that  level  in  formations  that  are  in  other  places 
completely  oxidized  also  above  that  water  level.  This  is  illustrated  by 
the  primary  ores  in  Abrigo  at  the  Higgins  mine,  and  the  completely 
oxidized  Abrigo  ores  in  the  Wolverine  and  White  Tail  Deer  mines. 

'  TrafwuUiona  of  the  InstittUion  of  Mining  and  Metallurgy j  vol.  22,  p.  561  (1913) 
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Further  proof  is  had  in  the  presence  of  gossans  several  hundred  feet  below 
the  water  level  in  the  Lowell  and  Hoatson  mines. 

The  general  plane  of  the  oxidation  corresponds  very  closely  to  the 
known  pre-Cretaceous  erosion  surface,  and  the  tilt  of  the  oxidation  is, 
therefore,  the  present  tilt  of  the  Cretaceous  sediinents.  K  the  ground- 
water level  at  the  time  of  oxidation  had  been  an  inclined  plane  that 
followed  the  Devonian  horizon,  due  to  the  permeability  of  the  purer 
limestone  above,  there  would  not  be  abundant  unoxidized  orebodies  in 
Escabrosa  Umestone  in  the  Sacramento  and  Junction  mines.  And  if  the 
ground-water  level  had  stood  several  hundred  feet  lower  in  those  mines 
at  some  post-Cretaceous  time  and  had  risen,  say,  due  to  valley  fillings,  it 
is  probable  that  the  ground  water,  now  directly  over  that  rise,  would 
stand  horizontal,  and  would  keep  to  the  old  plane,  or  even  a  lower  one 
farther  west,  which  is  far  from  being  the  case. 

There  is  field  evidence  of  another  form  to  show  that  the  oxidation  was 
pre-Cretaceous,  and  this  is  the  presence  of  gossanized  fragments  of 
porphyry,  as  well  as  fresher  ones  at  the  base  of  the  Glance  Conglomerate. 
The  exposed  pre-Glance  topography  also  shows  hard  gossan  reefs  around 
the  southeast  side  of  Sacramento  Hill. 

Additional  weight  is  given  to  the  idea  of  pre-Cretaceous  oxidation  by 
the  geologic  history  of  this  region.  A  very  long  erosion  and  a  conse- 
quently long  oxidation  period  is  recorded  between  Pennsylvanian  and 
Cretaceous  times  by  the  disappearance  of  the  paleozoic  column  off  of  the 
north  side  of  the  Dividend  Fault.  And  while  the  granite  porphyry  intru- 
sion may  not  have  taken  place  till  a  good  part  was  gone,  the  nature  of 
the  rock  as  well  as  of  the  later  minerals  formed  presuppose  a  consider- 
able covering  of  sediments  which  were  removed  by  erosion  before 
Cretaceous  time. 

It  is,  therefore,  probable  that  the  main  part  of  oxidation  and  enrich- 
ment as  found  at  present  took  place  when  the  Paleozoic  sediments  were 
almost  horizontal,  the  only  tilt  noticeable  being  sUghtly  to  the  southeast. 

There  is  very  little  evidence  of  superimposed  oxidation  since  Cre- 
taceous times,  due  very  probably  to  the  later  ground-water  level  being 
higher  than  the  first.  Narrow,  limonitic  seams,  and  very  slight  enrich- 
ment on  primary  sulphides  in  the  west  end  of  the  camp  are  the  only  visible 
effects  of  this  oxidation.  The  post-ore  faulting  vhich  is  also  post-oxida- 
tion in  most  cases,  is  not  found  very  frequently  in  the  thoroughly  explored 
portion  of  the  district,  but  will  very  probably  be  found  more  frequently 
when  operations  extend  into  other  blocks. 

Relations  op  Oxidation  to  the  Fobmations  and  to  Metamorphism 

The  circulation  of  meteoric  waters  has  been  very  much  influenced  by 
the  material  they  traversed,  and  this  was  dependent  upon  the  formation 
and  the  degree  of  alteration. 


/ 
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In  the  Carboniferous  limestones  the  massive  purer  beds  had  a  tend- 
ency to  crack  and  break  rather  than  to  fold,  and  waters  could  dissolve 
out  channels  through  which  extensive  oxidation  could  be  carried  down 
rapidly.  The  same  appUes  to  the  purer  lime  beds  in  the  Devonian  and 
Cambrian  formations. 

The  more  impure  beds,  which  are  also  more  thinly  laminated,  had  a 
tendency  to  crush  and  fold,  and  while  as  a  whole  they  may  be  foimd  more 
altered  by  meteoric  waters,  it  is  because  they  retarded  and  distributed 
the  effects  all  through  the  rock.  This  is  noticeable  in  the  Martin  and 
Abrigo  formations  especially,  the  Abrigo  being  by  far  the  most  impervious. 

The  abiUty  of  meteoric  waters  to  circulate  and  oxidize  quickly  in  the 
Escabrosa  limestone  has  made  possible  the  abundance  of  residual  ores  in 
this  formation.  These  are  mostly  carbonates  fixed  in  this  form  against 
total  leaching  by  the  continually  circulating  cold  waters.  In  a  great 
many  cases,  however,  the  residual  ore  is  found  in  the  form  of  sulphide, 
mostly  chalcocite,  and  also,  in  rare  instances,  as  the  original  chalcopyrite 
and  bomite.  These  sulphides  are  called  residual  because  they  are  far 
above  the  level  of  normal  enriched  sulphides,  and  they  have  limonitic 
gossans  or  carbonate  and  oxide  ores  under  them.  Usually  they  are  very 
pure,  rich  sulphides  of  copper,  and  are  in  the  primary  ^one  of  sulphide 
replacement  where  the  adjacent  rock  is  pure  calcite  and  contains 
little  or  no  pyrite.  Occurrences  like  this  are  found  in  the  Umestones 
all  the  way  to  surface  where  the  main  ore  zone  may  be  a  thousand  feet 
below. 

The  same  quick  circulation  through  the  Carboniferous  limestones 
has  usually  brought  the  zone  of  complete  oxidation  directly  against  the 
primary  ores,  with  a  thin  intervening  zone  of  secondary  sulphides,  which, 
as  will  be  shown  later,  is  not  one  of  enrichment,  but  of  leaching  of  values. 
The  slower  circulation  in  the  impurer  Devonian  and  Cambrian  produced 
fewer  residual  orebodies,  but  a  deeper  zone  of  enrichment. 

In  the  porphyry  and  contact  breccia  the  differences  in  the  effect  of 
secondary  alteration  are  far  more  noticeable,  as  can  be  seen  from 
Plates  56  and  66.  Both  the  porphyry  and  breccia  retard  the  meteoric 
water  circulation,  the  breccia  almost  entirely,  and  the  porphyry  making 
it  slow  enough  so  that  sulphide  enrichment  is  at  its  most  efficient  point. 

A  special  case  which  illustrates  the  difference  in  the  penetration  of 
oxidation  through  different  rocks  is  given  in  Plate  12,  which  is  an  east- 
to-west  section  through  an  orebody  on  the  1,500  level  of  the  Sacramento 
mine,  at  present  being  extracted.  This  ore  occurs  along  the  Sacramento 
dike,  here  cutting  Escabrosa  Umestone  and  having  a  projection  downward 
to  the  east  as  shown.  •  The  ore  replaces  the  limestone,  which  is  not 
appreciably  metamorphosed  at  a  distance  from  the  porphyry.  The  re- 
placement is  very  perfect  along  the  beds,  as  certain  cherty  bands  are  left 
untouched  in  the  midst  of  the  ore. 
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The  oxidation  feature  that  is  noticeable  is  that  the  ore  is  ahnost  un- 
altered close  to  the  main  dike,  enriched  farther  away^  converted  into 
mixed  oxide  and  sulphide  under  the  thin  portion  of  the  porphyry,  and 
entirely  into  carbonate  next  to  the  limestone.  The  water  circulation  here 
must  have  come  partly  from  the  east  and  partly  from  underneath  through 
the  hmestone,  as  the  porphyry  ordinarily  presented  an  eflfective  barrier 
to  circulation  perpendicular  to  the  beds  before  the  tilting. 

The  oxidation  features  are  even  more  noticeably  related  to  the 
processes  of  primary  ore  alteration  than  they  are  to  that  of  the  formations. 

Intense  silicification  such  as  is  found  in  the  contact  breccia  and  in  a 
great  part  of  the  contact  metamorphic  limestone  of  the  Grardner  mine 
made  circulation  so  slow  that  in  these  places  the  primary  ore  zone  remains 
at  a  level  far  above  those  of  adjacent  occurrences.  Also,  the  oxidation 
is  so  complete  where  there  is  any  meteoric  circulation  at  all  that  the  zone 
of  leaching  comes  to  within  a  few  feet  of  the  primary  zone,  with  only  a 
thin  layer  between  where  coveUite  is  most  abundantly  found  in  the 
district.  These  relations  are  well  shown  in  Plate  5,  Section  A-A  just 
west  of  Sacramento  Hill. 

Sericitization  produced  rocks  in  which  the  circulation  was  slow,  but 
in  which  the  secondary  waters  had  opportunity  to  remain  acid,  as  nearly 
all  the  lime  was  removed  in  the  primary  alteration  and  pyrite  was 
abundant  all  through  the  rocks,  Under  these  conditions  the  depth  of  the 
zone  of  secondary  enriched  sulphides  was  greatest,  and  the  enrichment 
most  efficient.  At  the  same  time,  in  the  rocks  very  much  sericitized  there 
are  no  residual  carbonates  found,  due  of  course  to  the  lack  of  lime.  If, 
however,  the  ore  formation  extended  into  unaltered  limestones  above 
those  sericitized,  carbonates  might  be  found  higher,  as  is  the  case  in  the 
Uncle  Sam  mine.  Native  copper  and  oxides  are  developed  to  a  great 
extent  in  a  shallow  zone  between  the  gossans  and  enriched  sulphides 
in  aluminous  ground  due  to  primary  sericitization. 

The  ores  in  Sacramento  Hill  porphyry,  and  in  the  zone  of  contact- 
metamorphic  rocks  around  the  main  intirusives  are  the  best  examples  of 
the  coincidence  of  sericitization  and  deep  sulphide  enrichment,  as  can  be 
seen  in  Plates  6a,  56,  6a  and  66.  The  amount  of  enrichment  even  in  these 
cases  has  not  been  exceedingly  great,  as  the  original  ores  were  rich  to 
begin  with,  and  very  pyritic  bodies  have  remained  poor,  first  because 
pyrite  is  replaced  with  so  much  more  difficulty  by  chalcocite  than 
bornite  and  chalcopyrite,  and  second,  because  pyritic  masses  are  generally 
quite  solid,  more  siliceous  and  impervious. 

The  ore  developed  in  Sacramento  Hill  is  extremely  irregular  in  shape 
and  grade  and  owes  its  irregularity  more  to  primary  mineralization  than 
to  secondary  enrichment,  because  so  far  as  has  been  seen,  the  relative 
amount  of  primary  bornite  left  in  parts  at  the  top  of  the  ore  close  to  the 
oxidation  Une  is  about  the  same  as  at  the  deepest  levels.     A  section  show- 
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iog  the  ore  grades  is  given  in  Plate  11,  worked  out  from  all  informa- 
tion available.  This  body  has  not  yet  been  mined  extensively.  The 
grades  of  ore  can  be  seen  to  bear  very  little  relation  to  the  limonitic 
oxidation. 

The  orebodies  classed  as  sulphide  replacements  of  unaltered  hmestones 
are  ordinarily  found  in  their  primary  state  or  as  residual  carbonates. 
Oxidation  is  rapid  through  imaltered  rocks,  and  waters  usually  carry 
enough  lime  to  fix  the  copper  as  carbonate.  In  such  a  zone,  carbonates 
are  apt  to  be  found  to  the  very  top  of  the  mineralized  zone,  many  times 
above  hundreds  of  feet  of  gossanized  ground. 

Table  3. — Showing  Efficiency  of  Enrichment  by  Descending  Waters 


Orebody 


State  of  Osddation 


Tons  per 
Cu.  Ft. 


Pounds  Cu 
per  Ton 


Pounds  Cu 
per  Cu.  Ft. 


Sericitiied  Contact  Metamorphic  Zone 


14-7 Primary 

13-13 Enriched  sulphide 


12-3-18 

13-10 

White-Tail  Deer. 


^S-38 

8-17-11 

8-17-4 

8-16-5,  a-l&-16. 
8-16-18 


1300  Junction  . 

16-3-39 

16-3-68 

15-12  Sulphide. 
15-12  Oxide . . . 
16-3  Oxide.... 
15-^1,  15-6-9. 

15-13 

14-20 


0.1143 
0.1008 


126.2 
189.8 


14.42 
19.10 


Sulphide  Replacement  Orebodies  in  Abrigo 


Primary 

Enriched 

Residual  carbonate 


0.117 

0.0984 

0.0578 


104.0 
147.0 
142.0 


12.17 

14.46 

8.20 


Sulphide  Replacement  Orebodies  in  Martin  and  Escabrosa 


Primary 

Enriched  and  oxide. 

Residual 

Residual 

Residual 


0.1255 

0.098 

0.0609 

0.0609 

0.0609 


130.0 
112.0 
113.0 
137.0 
108.0 


16.31 

10.97 

6.88 

8.34 

6.58 


Sulphide  Replacement  and  Contact  Bodies  in  Escabrosa 


Primary 

Primary 

Partly  enriched 

Secondary  sulphide. . 

Oxide 

Oxide 

Residual  carbonates. 
Residual  carbonates. 
Residual  carbonates. 


0.1111 

0.140 

0.1267 

0.115 

0.08 

0.08 

0.065 

0.065 

0.065 


116.0 
140.2 
192 . 4 
130.0 
224.0 
268.0 
170.0 
188.0 
114.0 


12.90 
19.63 
24.38 
14.90 
17.92 
21.40 
11.05 
12.20 
7.41 


Table  3  has  been  prepared  to  show  approximately  the  efficiency 
(or  lack  of  it)    of  enrichment   due   to   descending   meteoric  waters. 
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Orebodies  have  been  taken  for  analysis  which  were  originally  of  siinilar 
composition^  as  far  as  knowledge  of  them  goes,  and  from  mining  records 
kept  for  a  period  of  several  years,  the  contents  of  copper  in  pounds  per 
cubic  .foot  in  place  has  been  figured.  This  is  of  course  a  figure  for  the 
ore  mined,  and  must  differ  somewhat  from  the  actual  content  of  all  the 
groimd  in  an  orebody,  depending  on  the  method  of  extraction  used.  All 
errors  have  been  considered,  however,  and  the  relative  value  of  the  figures 
is  about  correct.  Unfortunately  the  ores  in  the  breccia  and  silicified 
ground  are  all  primary  and  no  comparisons  can  be  given,  and  all  the  ore 
in  porphjnry  is  enriched. 

From  these  tables  it  will  be  seen  that  the  copper  content  per  unit  of 
volume  is  increased  materially  in  the  sericitized  contact  zone  and  in  the 
more  aluminous  Abrigo  formation  where  the  secondary  sulphides  are 
found.  Chalcocite  formation  is  accompanied  by  leaching  out  of  values 
in  the  replacement  bodies,  and  alj  the  residuial  ores  show  dissipation  of 
copper  contents.  The  narrow  oxide  and  native  copper  zone  is  generally 
the  richest  of  all. 

Gossans 

In  regard  to  the  gossans  formed  in  the  different  zones  of  primary 
alteration,  they  can  be  said  to  extend  downward  for  the  greatestrtlistances 
in  the  more  permeable  ore  zones — ^this  is  true  for  those  classed  as  sul- 
phide replacements.  These  gossans  are  likely  to  contain  residual  ores 
anywhere.  The  thoroughly  oxidized  portions,  where  the  formations  were 
silicified  or  sericitized  or  chloritized  are  apt  to  be  more  completely  leached 
out,  and  penetrate  the  ore  zone  least  in  highly  quartzose  ground.  In 
composition  the  gossans  of  course  reflect  their  source. 

The  only  generalization  that  can  be  made  about  gossans  derived  from 
lean  sulphides  and  from  pyritic  copper  ores  is  as  follows.  The  mixed 
sulphides  of  copper  and  iron  are  more  readily  attacked  by  oxidizing  solu- 
tions than  the  straight  iron  sulphides,  therefore  producing  stronger  solu- 
tions. These  stronger  solutions  have  been  found  to  have  a  segregating 
action  on  the  components  of  the  surroimding  rocks,  separating  to  some 
extent  silica,  alumina,  and  lime,  and  also  depositing  the  iron  oxides  in 
purer  form.  The  gossans  from  pyrite  alone  have  been  observed  to  leave 
the  gangues  and  oxides  of  iron  in  about  the  same  mixtures  as  in  the  origi- 
nal primary  material. 

These  observations  are  of  course  susceptible  of  an  infinite  number  of 
variations  depending  on  the  original  composition  of  sulphides,  of  their 
gangues,  and  of  the  surroimding  rocks,  but  in  general  they  can  be  used 
to  some  extent  in  judging  the  kind  of  ground  under  an  oxidized  portion 
of  an  ore  zone. 


*' 
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Minerals  of  the  Zones  of  Enrichment  and  Oxidation 

Siderite 

Under  the  zone  of  secondary  enrichment  the  presence  of  siderite  has 
already  been  noted.  This  mineral  occurs  sometimes  in  veinlets  replacing 
either  sulphides  or  chloritic  minerals  or  calcite.  At  other  times  siderite 
is  found  in  a  curious  box-work  honeycomb  structure  as  if  it  had  replaced 
laminated  rock  along  certain  planes  and  the  intervening  material  had 
been  later  dissolved  out.  The  ferrous  carbonate  has  a  distinct  selective 
action  in  replacing  a  rock^  as  it  usually  leaves  intact  pyrite  grains,  which 
then  appear  contemporaneous  with  the  siderite.  Sphalerite  and  galena 
are  also  found  more  abundantly  with  the  siderite  than  aroimd  in  the 
unaltered  formation,  and  this  fact  has  pointed  to  the  possibility  that 
these  two  sulphides  may  have  been  here  deposited  by  secondary 
solutions. 

Copper  minerals  in  the  siderite  zone  are  very  faintly  coated  with 
chalcocite.  Gypsum  is  also  found  in  vugs,  even  deeper  than  siderite,  but 
apparently  in  late  circulation  channels. 

Siderite  probably  formed  as  an  advance  mineral,  as  oxidation  pro- 
gressed downward.  This  may  be  proven  by  the  closely  similar  forms 
taken  by  limonite  in  some  gossans  above  enrichment,  and  the  presence 
of  siderite  cores  in  that  limonite.  The  iron  carbonate  has  played  an 
important  economic  r61e  in  serving  as  a  precipitant  for  rich  cuprite  ores 
in  the  Czar,  mine,  where  copper-laden  solutions  have  encoimtered  a  flat 
bed  in  Devonian  hmestone  previously  replaced  by  siderite  and  kaoUn, 
and  have  precipitated  cuprite  and  native  copper  in  considerable  amount. 
Throughout  the  district  cuprite  crystals  can  be  found  on  oxidized  or 
partially  oxidized  siderite. 

Chalcodte 

In  the  zone  of  sidphide  enrichment  chalcocite  was  the  only  secondary 
mineral  of  copper  formed  to  any  extent.  It  was  usually  formed  by  re- 
placement of  the  bornite  and  chalcopyxite  alone,  leaving  the  pyrite  im- 
touched,  or  only  slightly  coated.  The  broken  up,  replaced  pyrite  grains 
in  the  primary  ore  remain  in  just  about  the  same  amoimt  and  with  the 
same  relations  to  chalcocite  that  they  had  to  the  primary  minerals. 
When  chalcocite  and  pyrite  are  the  only  remaining  sulphides,  it  is  difficidt 
to  believe  that  the  iron  mineral  has  not  been  abundantly  attacked  by 
secondary  action.  Pyrite  has  been  replaced  to  a  considerable  extent, 
however,  in  the  enriched  ores  of  the  contact-metamorphic  type,  by  a 
sooty  variety  of  chalcocite  that  possibly  contains  considerable  covellite, 
since  the  latter  has  been  seen  coating  pyrite  grains  in  these  ores. 

In  replacmg  the  primary  minerals  chalcocite  behaved  in  different 
ways  depending  on  the  general  feature  of  the  orebody.    In  the  ore  of 
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Sacrajuento  Hill,  pyrite  is  barely  coated  in  the  very  sericitic  portions  o( 
the  porphyry,  and  is  not  affected  appreciably  in  silicified  rock.  The 
selective  action  in  replacing  bomite  is  better  marked  here  than  anywhere 


Plate  15.— Ci 


Fio.  2. 

;,  REPLAdKO  BoRNiTE,  b.  FrsiTE,  py. 

else  as  is  also  the  ropUcenient  along  crystallographic  lines  of  the  bomite 
in  the  arrangement  commonly  known  as  "lattice  structure."  This 
form  of  alteration  grailes  into  the  usual  one  of  veinlets  and  irregular  rem- 
nants, as  is  shown  in  Plate  15.     The  field  occurrence  of  this  "lattice 
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structure"  alteration  has  been  quite  carefully  followed  in  the  district 
and  found  everywhere  to  coincide  with  slow  or  incipient  enrichment  in 
rich  ores,  and  where  the  selective  enrichment  of  bomite  in  place  of  chal- 
copyrite  is  well  marked.  This  has  led  to  the  conclusion  that  it  is  a  deli- 
cate process  in  which  crystallographic  weakness  can  be  of  some  influence. 
Etching  of  the  chalcocite  thus  formed  shows  isometric  figures,  probably 
due  to  included  or  dissolved  cupric  sulphide/^  but  there  are  also  stringers 
in  which  the  chalcocite  has  orthorhombic  cleavage,  and  these  stringers 
can  be  seen  to  form  a  network  of  veins.  The  proximity  and  association 
of  this  orthorhombic  chalcocite  to  major  cracks  and  circulation  channels, 
where  even  limonite  is  formed,  points  to  its  being  due  probably  to  the 
working  over  and  recrystallization  of  the  copper  sulphides  first  derived 
from  bornite. 

Chalcocite  of  the  "sooty"  variety  is  foimd  most  commonly  in  the 
enriched  ores  of  the  zone  of  contact-metamorphic  limestones.  Massive 
chalcocite  is  here  rare,  and  then  only  at  the  top  of  the  zone  of  enrichment, 
with  considerable  native  copper  present. 

In  the  ores  that  replace  limestone,  the  formation  of  chalcocite  is  accom* 
panied  by  leaching  and  formation  of  abundant  cavities  in  the  ore,  a  proc- 
ess that  is  refiected  in  the  decrease  of  values  as  previously  shown. 
This  same  thing  is  true  in  ores  that  have  a  very  siliceous  gangue,  such  as 
those  in  contact  breccia.  Pyrite  is  here  oxidized  to  limonite  even  before 
the  copper  minerals  are  replaced  by  chalcocite,  as  is  shown  in  Plate  16. 

In  the  Southwest  mine  there  is  an  occurrence  of  chalcocite  that  is 
somewhat  different  from  the  usual.  The  Devonian-Escabrosa  contact 
beds  are  replaced  by  silica,  almost  chalcedonic  in  character,  accompanied 
by  abundant  fine  fiaky  specularite.  This  siliceous  mass  connects  up 
with  the  main  silica  breccia  replacement  in  this  mine. 

The  top  Devonian  beds  under  those  silicified  have  been  hardly  altered 
at  all,  except  for  a  very  slight  amount  of  quartz  addition,  some  recrys- 
tallization of  calcite  in  stringers,  and  the  formation  of  very  fine  veinlets 
as  well  as  disseminated  grains  about  a  millimeter  in  diameter  of  what 
was  apparently  bornite  and  chalcopyrite,  now  replaced  almost  entirely 
by  chalcocite.  The  original  copper  minerals  have  been  found  partially 
replaced  by  chalcocite  in  the  center  of  coarse  calcite  veins  that  protected 
them.     Pyrite  is  very  rarely  found. 

The  formation  of  chalcocite  has  taken  place  in  this  instance  under 
conditions  which  would  hardly  allow  the  circulation  of  acid  waters.  A 
considerable  amount  of  carbonates  has  formed,  but  in  general  the  sul- 
phide is  relatively  abundant.  The  possibility  of  chalcocite  formation 
with  the  acid  generated  in  the  replaced  mineral  itself  is  indicated  in  this 
orebody,  though  this  is  by  no  means  perfectly  clear. 


10  Posnjak,  Allen  and  Merwin:  Economic  Geology,  vol.  10,  No.  6. 
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Covellite 

Covellite  is  formed  in  very  minor  amounts  especially  in  the  narrow 
oxidized  zone  above  the  contact  breccia  ores.  It  replaces  chalcopyrite 
in  preference  to  bomite,  and  is  found  always  in  microscopic  needles. 
The  only  other  occurrences  of  this  mineral  are  where  the  enriched  zone 
touches  highly  silicified,  not  very  sericitic  ores. 

Bomite  i^d  chalcopyrite  have  been  found  in  many  ores  of  the  dis- 
trict, formed  by  secondary  agencies,  as  transition  products,  but  they  are 
of  no  economic  importance. 

Gangue  Minerals 

The  gangue  minerals  that  accompany  the  enriched  sulphides  arehalloy- 
site,  kaolin,  gibbsite,  alimite,  and  serpentine  with  mixtures  of  quartz, 
calcite  and  the  oxides  of  iron.  Of  the  aluminous  minerals,  halloysite 
seems  to  be  the  most  common,  especially  in  the  zone  of  highly  altered 
limestones.  Where  the  rock  is  sericitized  so  that  the  mica  flakes  are  well 
formed,  sericite  persists  unaltered  through  the  process  of  enrichment  and 
oxidation. 

Oxide  Ores  and  Native  Copper 

In  the  oxide  ores  jujst  above  the  secondary  sulphides,  cuprite,  native 
copper,  tennorite,  melanochalcite  and  delafossite  are  found,  but  the  first 
two  are  the  only  ones  of  economic  importance.  The  association  of  cu- 
prite and  siderite  has  already  been  given.  The  zone  of  oxide  has  in  many 
instances  encroached  entirely  on  the  sulphides,  leaving  only  a  remnant 
here  and  there  of  the  latter.  Flat  orebodies  along  the  limestone  bedding 
are  especially  susceptible  to  this  process. 

The  minerals  of  the  residual  orebodies  are  mostly  the  carbonates  mala- 
chite and  azmite,  with  some  chrysocoUa,  aurichalcite  and  brochantite. 
Besides  these,  there  are  the  sulphides  already  mentioned. 

Carbonates 

The  association  and  the  occurrence  of  the  carbonates  has  been  very 
weU  described  by  Dr.  Douglas^  ^  and  by  Ransome^'  and  no  additional  fea- 
tures can  be  given,  except  to  repeat  that  these  minerals  are  foimd  all 
through  the  oxidized  portion  of  the  ores  that  replaced  unaltered  sediments, 
and  are  still  a  very  important  part  of  the  ore  reserves  of  the  district. 

Other  Ores 

In  recent  years  oxidized  lead  ores  have  become  more  and  more  impor- 
tant, especially  from  around  highly  siliceous  replacements  in  Martin  and 

"  Transadions,  vol.  29,  pp.  511-646  (1900). 
^'  Loc,  cit.,  p.  125. 
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Eecabroaa  Umeatone.    Most  of  this  ore  has  come  from  the  Southwest 
mine  and  occurs  at  the  edge  of  the  siliceous  breccia,  as  cerussite  with  Bome 


Fia.  1. — Sfbai^ritb,  «,  and  Galena,  g,  Inclddzd  in  Grains  or  Chalcoptrits,  qi- 


Fio.  2. — Cbalcocite  a 


anglesite  and  variable  silver  and  gold  values.    The  primary  minerals 
from  which  this  ore  was  derived  are  unfortunately  not  present  now,  but 
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it  is  very  probable  that  the  main  one  waa  galena,  which,  as  has  been  before 
stated,  is  apt  to  come  in  veinrlike  masses  above  the  general  level  of  the 
copper  ores.  Lead  ores  have  also  been  found  with  similar  associations 
in  the  Gardner,  Lowell  and  Briggs  mines. 


Vanadium,  in  the  form  of  cuprodescloizite  has  been  found  in  the 
Shattuck  mine  in  considerable  amount,  and  rarely  in  the  Dallas  and  Sac- 
ramento. The  occurrence  may  prove  in  future  to  be  of  economic 
importance. 
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Manganese  ore,  in  the  form  of  psilomelane  and  braunitei  with  little 
pyrolusite,  has  been  mined  lately  from  seVeral  places  on  the  surface  of  the 
district.  It  is  found  in  irregular  bunches  as  a  replacement  of  limestone 
beds  in  the  Naco  or  Escabrosa,  close  to  the  contact  breccia,  or  to  highly 
silicified  outcrops  of  the  sediments.  The  origin  of  this  manganese  is  not 
yet  known,  for  although  manganese  is  found  quite  abundantly  with  some 
of  the  carbonate  ores  underground,  it  is  here  in  the  form  of  soft  earthy 
pyrolussite  due  apparently  to  the  concentrating  action  of  oxidizing  water. 
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the  Calumet  &  Arizona  Mining  Co.,  have  also  contributed  materially  to 
the  information  presented. 

To  Harvard  University,  and  Prof.  L.  C.  Graton  in  particular,  we  are 
indebted  for  being  able  to  present  the  result  of  extensive  petrographic  and 
metallographic  investigation,  as  2,000  specimens  from  the  Copper  Queen 
geological  collection  were  studied  by  one  of  the  authors  in  the  geological 
laboratories  at  Cambridge.  Some  of  the  photomicrographs  were  taken 
at  the  University  of  Arizona,  for  which  thanks  are  especially  due  to  Prof. 
C.  H.  Clapp. 
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Assistance  has  been  received  from  the  engineering  department  of  the 
company  in  the  way  of  maps  and  stope  records,  and  from*  the  chemical 
department  in  the  form  of  the  analyses  that  are  given  in  the  report. 
Thanks  are  due  to  the  operating  department  of  the  mines  for  a  great  deal 
of  information,  also  for  coSperation  in  pointing  out  and  solving  most  of 
the  geological  problems  of  the  district. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[8I3BJBCT  TO    BTISIOnI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  prafarably  be  preMnted  in  penon  at  the 
Ariiona  mMtinc,  Sept«mb«r.  101ft,  wh«n  an  abstraot  of  the  paper  will  M  read.  If  thituimpoMibla 
then  diseuflaion  m  wntinc  mav  be  eent  to  the  Editor,  Amerioan  Institute  of  Mining  Ensineers,  29  West 
89th  Stoeet,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representaaVe  of  ite  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper.will  close  Nov.  1, 1916.  Any  discussion 
oifsred  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Mine  and  Mill  Plant  of  the  Inspiration  Consolidated  Copper  Co. 

BT  H.    KBNTON  BURGH,  B.   8.,*  MIAMI   ARIZ. 
(Arisona  Meeting,  September,  1916) 

CONTENTS 

Page 

Introduction 1468 

Plant  Sites 1469 

Type  of  Construction 1470 

Mine  Plant 1470 

Dual  Arrangement 1471 

Underground  Haulage 1471 

Tipples 1472 

Underground  Pockets 1472 

Automatic  Measuring  and  Loading  Devices. .« 1472 

Shafts 1476 

Ore  and  Spillage  Skips 1476 

Automatic  Hoists 1476 

Man  Elevator 1477 

Crushing  Plant 1478 

Storage  Bin 1480 

Sampling  Plant 1480 

Motors  and  Other  Equipment 1481 

Compressor  Equipment 1481 

Concentrator 1482 

600-Ton  Test  Mill 1482 

The  15,000-Ton  Concentrator 1486 

Grinding  Section I486 

Floor  Arrangement 1486 

Marcy  BaU  Mills 1489 

Performance  of  Crushing  Machines 1490 

Flotation  Section 1490 

Flow-Sheet  with  Callow  Flotation  Cells 1491 

Flow-Sheet  with  the  Inspiration  Flotation  Machines 1491 

Flotation  Air  Supply 1493 

Concentrates  Filter  Plant 1493 

Drag  Classifiers 1494 

Tailing  Settling  System 1495 

200-Ft.  Dorr  Thickener 1496 

General  Equipment  and  Supplies 1497 

Water  Supply 1497 

Power  Supply 1497 

Transformer  Stations 1498 

Shopd  and  Railroad  Facilities 1499 

Conclusion 1500 

*  Chief  Engineer,  Inspiration  Consolidated  Copper  Co. 


1468      MINE  AND  MILL   OF  INSPIRATION   CONSOLIDATED  COPPER  CO.* 

INTRODUCTION 

The  Inspiration  Consolidated  Copper  Co.'s  plant  at  Miami,  Ariz., 
was  designed  and  built  to  make  possible  the  profitable  working  of  a  low- 
grade^  finely  disseminated  copper  deposit  containing  100,000,000  tons  of 
ore  averaging  1.64  per  cent,  in  copper. 

From  the  beginning  it  was  evident  that  the  plant  could  not  be  kept 
integral  but  that  a  break  would  have  to  be  made  somewhere  in  the  flow- 
sheet, removing  at  least  the  concentrator  to  a  site  more  suitable  than 
any  available  near  the  mine.  It  was  finally  decided,  after  considering 
numerous  arrangements,  to  do  the  coarse  crushing  at  the  mine,  to  store 
the  crushed  ore  in  a  bin  from  which  it  could  be  loaded  into  railroad  cars 
and  to  haul  it  to  the  concentrator,  an  excellent  site  for  which  was  available 
about  1^  miles  from  the  mine. 

The  original  intention  was  to  equip  a  plant  to  treat  7,500  tons  of  ore 
per  day,  but  through  the  acquisition  and  proving  up  of  additional  ore 
reserves,  the  introduction  of  the  Ohio  caving  system,  and  the  exceQent 
results  obtained  in  the  test  mill  (which  made  it  possible  to  treat  a  lower- 
grade  ore  than  had  been  thought  possible)  it  was  evident  that  a  plant  of 
much  greater  capacity  should  be  supplied.  It  was,  therefore,  decided  to 
treat  approximately  15,000  tons  of  ore  per  day,*  the  duties  of  the  four 
main  divisions  to  be  as  follows: 


Division 

1                                                      1 

Operating  Time 
in  Hours 

Capacity  in 
Tons  per  Hour 

Daily  Capacity 
in  Tons 

Available 
Capacity  in  Tom 

Hoisting  plant 

Crushing  plant 

Storage  bin 

Concentrator 

9 

16 
15 

*    •    •   • 

24 

1,000 
1,000 

625 

15,000 
15,000 

15,000 

25,000 

It  was  realized  from  the  beginning  that  with  such  an  enormous  ton- 
nage to  treat  it  would  be  well  worth  the  time  and  cost  to  carefully  work 
out  a  flow-sheet.  Accordingly,  a  gravity  test  mill  was  erected  and  placed 
in  operation  near  the  Joe  Bush  shaft  in  November,  1910,  and  its  operation 
was  continued  until  August,  1911.  Soon  after  this,  flotation  began  to 
attract  considerable  attention  in  this  country  and  realizing  the  possibili- 
ties that  might  arise  through  its  systematic  investigation,  it  was  deemed 
advisable  to  go  into  the  process  in  detail.  A  50-ton  Minerals  Separation 
machine  was  first  erected,  which  after  a  few  months  thoroughly  demon- 
strated that  flotation  was  applicable  to  the  concentration  of  the  Inspira- 
tion ores,  but  in  order  to  better  determine  its  proper  place  in  the  flow- 
sheet, a  600-ton  test  mill  was  designed  and  erected  in  1913  on  the  benches 
of  the  concentrator  site,  the  grading  for  which  was  at  this  time  completed. 
Numerous  flow-sheets  were  experimented  with,  the  final  result  being  the 
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one  now  in  use  in  the  concentrator.  A  discussion  of  certain  phases  of 
the  results  accomplished  in  the  test  mill  will  be  given  in  another  section, 
mention  being  made  of  it  here  simply  for  preserving  the  proper  sequence. 

That  the  large-scale  test-mill  method  for  working  out  flow-sheets  for 
large  plants  is  the  only  logical  method,  is  evidenced  by  the  fact  that  in 
nearly  every  stage  of  the  treatment  either  an  entirely  new  machine  has 
been  adopted  or  a  new  application  has  been  made  of  a  standard  machine  ; 
the  result  in  each  case  being  either  increased  efficiency  or  a  more  economi- 
cal arrangement.  The  first  mill  was  to  have  a  capacity  of  7,500  tons 
per  24  hr.  This  design  covered  an  area  of  approximately  350,000  sq.  ft., 
or  a  little  over  8  acres.  The  mill  now  in  use  covers  an  area  of  approxi- 
mately 125,000  sq.  ft.,  or<  a  Uttle  less  than  3  acres,  but  has  a  capacity  of 
15,000  tons.  The  recovery  in  the  two  types  of  plants  on  favorable  ores, 
that  is,  ores  not  carrying  over  10  points  of  oxide,  may  be  closely  esti- 
mated at  70  per  cent,  for  the  first,  and  85  per  cent,  for  the  second. 

In  order  to  account  for  the  long  period  required  for  the  design  and 
construction  of  the  plant,  it  may  be  interesting  to  note  that  six  complete 
designs  for  the  concentrator  were  executed,  the  idea  being  to  keep  this 
work  abreast  of  the  developments  brought  out  by  the  test  mill.  Design 
No.  2  was  completed  and  a  contract  entered  into  for  structural-steel  re- 
quirements. A  portion  of  the  steel  had  been  fabricated  when  flotation 
developments  pointed  to  the  fact  that  wet  gravity  concentration  could 
be  greatly  improved  upon.  At  this  point  all  work  on  the  steel  contract 
was  stopped  and  that  portion  of  the  contract  pertaining  to  the  concentra- 
tor was  cancelled.  Although  facts  relative  to  flotation  continued  to 
develop,  in  July,  1913,  the  steel  design  for  the  present  concentrator  build- 
ing was  completed.  This  building  was  no  sooner  erected  than  very 
marked  changes  in  grinding  machinery  began  to  develop,  the  ultimate 
result  of  which  was  another  altogether  new  arrangement  for  the  entire 
mill.  As  it  stands  today  there  are  but  three  single  pieces  of  machinery 
in  the  mill  building  occupying  the  places  originally  intended  for  them, 
these  being  the  three  electric  cranes  now  in  use.  Considering  these 
changes  it  is  remarkable  that  such  a  good  arrangement  was  found  possible. 

PLANT  SITES 

The  sites  for  the  plants  as  finally  decided  upon  permitted  of  an  ar- 
rangement entirely  adequate  to  meet  the  proposed  requirements,  but  the 
following  important  features  may  be  noted: 

The  mine  plant  site  is  contiguous  to  the  orebodies  but  at  a  safe  dis- 
tance from  ground  to  be  caved;  it  occupies  a  position  as  regards  elevation 
well  suited  to  a  favorable  hoisting  arrangement  and  allows  of  a  down- 
grade to  the  concentrator  of  0.3  per  cent.  The  shortest  line  from  the 
shafts  to  the  orebodies  approximately  bisects  them,  making  possible  a 
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direct  underground  haulage  syBtem;  the  site  occupies  a  remote  corner  of 
the  property  and  does  not  lie  In  the  general  trend  of  the  mineralized  lone. 
The  mill  site  has  a  slope  favorable  to  the  type  of  mill  erected  and  is  of 
sufficient  area  to  allow  of  an  economical  arrangement  of  the  various  unite 
of  the  plant.  There  is  ample  storage  space  for  tailings  and  an  excdlent 
reservoir  site  available  for  the  storage  of  water. 

TYPE  OF  CONSTRUCTION 

As  the  life  of  the  property  was  estimated  to  be  17  years,  or  longer, 
depending  upon  new  developments  in  the  treatment  of  lower-grade  ores, 
it  was  decided  to  make  the  various  structures  of  a  semi-permanent  char- 


Fia.  1.— Mine  Plant  OP  Inspikation  Consoudatbo  Coppbb  Co.,  MtAxt,  A*ii. 
Looking  West.  Showino  Compressor  Hottse,  Main  Shapts,  CoABfiB-CBCSBLVG 
Plant  and  Storage  Bins. 

acter.  The  buildings  are  of  steel  with  corrugated  steel  coverings,  except 
the  concentrator  which  has  a  four-ply  composition  roof.  Ail  windows  as 
well  as  skylights  are  of  rubber  glass.  The  floors  throughout  are  of  con- 
crete, the  retaining  walls  of  reinforced  concrete,  and  machinery  founda- 
tions of  massive  concrete  with  little  or  no  reinforcing.  Reinforced 
concrete  was  used  wherever  applicable. 

MINE  PLANT 
Under  this  general  heading  will  be  considered  that  portion  of  the  plant 
with  its  adjuncts  which  takes  the  ore  from  the  mine  cars,  hoists  it  to 
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surface,  reduces  it  to  a  size  suitable  for  mill  treatment  and  places  it  in 
storage,  ready  for  transportation  to  the  concentrator. 

The  relation  between  the  orebodies  and  the  mine  plant  can  be  de- 
scribed as  follows:  Conceive  of  a  chain  of  orebodies  the  lateral  extensions 
of  which  form  a  parabola  with  its  vertex  pointing  to  the  north  and  having 
a  length  of  approximately  9,000  ft.  Place  the  main  haulage  ways  on 
either  side  of  the  axis,  60  ft.  apart,  and  open  them  to  surface  through  two 
three-compartment  shafts,  102  ft.  centers,  and  about  750  ft.  from  the 
nearest  approach  of  the  orebodies.  Group  the  mine  plant  symmetrically 
about  the  axis  between  the  shafts  and  the  orebodies  and  a  general  idea  of 
their  relation  is  obtained. 

Dual  Arrangement 

As  a  result  of  the  preliminary  studies,  the  dual  arrangement  of  the 
mine  plant  was  evolved,  the  primary  consideration  being  the  necessity 
of  handling  1,000  tons  of  ore  per  hour,  which  in  itself  precluded  the  use 
of  a  single  shaft.  Two  shafts  would  also  insure  continuity  of  service. 
It  was  then  considered  advisable  to  follow  this  idea  a  step  further  and 
make  the  whole  mine  plant  duplicate  in  its  arrangement,  which  would 
give  reasonable  assurance  against  total  shutdowns  and  also  permit  of  a 
better  load  factor. 

Underground  Haulage 

Underground  haulage,  for  transporting  crude  ore  from  the  stope 
chutes  to  the  loading  stations  at  the  main  shafts,  is  confined  to  two  levels, 
the  600  or  main  haulage  level,  and  the  400  level.  The  main  haulage  level 
is,  in  turn,  made  up  of  two  distinct  systems,  each  serving  its  main  shaft. 
All  haulage  is  to  be  controlled  by  a  block  signal  system. 

Two  types  of  motive  power  for  underground  haulage  were  considered 
— electric  and  compressed  air.  On  account  of  less  danger  to  life  due  to 
the  elimination  of  bare  conductors,  the  compressed-air  locomotive  was 
chosen  rather  than  the  electric.  The  difference  in  the  efficiency  of  the 
two  systems  is  probably  a  small  percentage  of  the  total  cost.  "Safety 
First"  was  therefore  the  deciding  factor. 

The  locomotives  are  of  the  two-stage,  four-wheeled  type,  and  have  a 
weight  on  the  drivers  of  10  tons.  The  initial  cylinder  air  pressure  is  250 
lb.,  and  the  charging  pressure  800  lb.  per  square  inch.  The  haulage 
capacity  per  charge  was  estimated  at  50  ton-miles.  The  locomotives 
haul  25  cars,  each  of  5  tons  capacity,  on  a  30-in.  gage  track  over  a  0.4  per 
cent,  grade  in  favor  of  the  load,  and  will  negotiate  a  curve  of  38  ft.  radius. 

All  ore  tapped  from  the  stope  chutes  is  broken  to  pass  a  12-in.  grizzly 
80  that  no  further  attention  has  to  be  given  to  it  after  it  is  once  in  the 
cars.  At  the  shafts  the  cars,  weighing  14,000  lb.  each  loaded,  are  dumped, 
five  at  a  time,  by  motor-operated  tipples,'  one  for  each  shaft  on  the  600 

8 


1472      MINE   AND   B«LL   OP  INSPIRATION  CONSOLIDATED  COPPER  CO. 

/ 

or  main  haulage  level,  with  a  third  on  the  400  level.    All  hoisting  is  done 
from  the  main  haulage  level. 

Tipples 

The  tipples  have  an  overall  length  of  56  ft.,  and  make  a  complete 
revolution  in  15  sec.  The  driving  shaft  is  connected  through  suitable 
gearing  to  a  35-hp.  motor  which  runs  continuously  in  one  direction,  the 
starting  and  stopping  of  the  tipple  being  accomplished  by  means  of  a 
friction  clutch  located  on  the  intermediate  shaft.  Each  tipple  is  provided 
with  an  automatic  stop  which  brings  it  into  the  proper  position  for  run- 
ning on  and  off  the  cars,  this  stop  being  released  by  means  of  a  foot  lever 
on  the  operator's  platform.  The  two  main  tipples  are  operated  from  a 
centrally  located  platform. 

Underground  Pockets 

The  tipples  on  the  600  level  dump  directly  into  two  main  underground 
pockets  (Fig.  2),  which  serve  as  storage  for  the  four  automatic  measuring 
and  loading  devices  that  are  placed  beneath  them.  The  capacity  of  each 
pocket  is  1,600  tons,  or  800  tons  for  each  loader,  which,  with  full  pockets, 
will  run  the  crushing  plant  about  3  hr.  They  are  of  reinforced-concrete 
construction  throughout  and  are  lined  with  2-in.  planks.  The  upper 
pocket  has  a  capacity  of  500  tons  and  is  connected  to  the  lower  pockets 
by  an  inclined  chute. 

AvtomcUic  Measuring  and  Loading  Devices 

To  carry  out  the  automatic  feature  of  the  hoisting  equipment,  it  was 
desirable  to  make  the  loading  of  the  skips  automatic.  There  being  noth- 
ing on  the  market  which  could  be  used  for  this  purpose,  it  was  necessary 
to  work  up  complete  designs  in  accordance  with  original  ideas. 

In  a  few  words  the  device  (illustrated  in  Figs.  3a  and  36)  can  be  de- 
scribed as  follows: 

Ore  from  one  of  the  1,600-ton  underground  pockets  rests  on  a  roU 
feeder  which  is  actuated  by  a  pawl  and  ratchet  wheel,  and  is  fed  into  a 
12-ton  measuring  hopper.  This  hopper  is  suspended  between  the  legs 
of  a  U-shaped  scale  beam  with  fulcrums  at  the  two  ends.  Through  a 
link  at  the  middle  of  the  yoke  the  proportional  weight  of  the  hopper  and 
ore  is  transferred  to  the  main  scale  beam  which  carries  a  coimterweight 
of  1,370  lb.  Motion  obtained  from  the  counterweight  scale  beam  when 
the  hopper  becomes  filled  is  utilized  to  operate  a  system  of  levers  and 
lift  the  pawl  from  the  ratchet  wheel,  thus  stopping  the  roll  feeders.  The 
hopper  is  now  ready  to  be  emptied. 

As  the  returning  empty  skip  settles  on  the  chairs,  it  strikes  an  arm 
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projectmg  out  into  the  shaft.  This  arm  is  connected  by  a  system  of  links 
to  the  shaft  on  which  the  yoke  of  the  gate  forming  the  bottom  of  the 
hopper  is  hinged.  The  motion  imparted  to  the  system  by  the  skip  trips 
the  gate  yoke,  the  weight  of  the  ore  in  the  hopper  causes  the  gate  to  drop 


Section  Looking  Weit 
Section  Looking  Noitb 

Fio.  2. — Ahhanobment  of  UNDBHaEOUND  Pockets. 

into  the  skip  chute,  and  the  hopper  is  emptied  into  the  skip.  As  soon  as 
it  is  empty,  a  counterwe^ht  on  the  gate  causes  it  to  close,  all  motions 
are  reversed  and  the  measuring  hopper  is  again  filled. 

A  cut-off  gate  prevents  the  roll  feeder  from  becomiug  bare  in  case  the 
pocket  should  be  emptied.    A  5-ft.  layer  of  ore  thus  protects  the  feeder 
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and  does  away  with  excessive  impacts  due  to  the  dumping  of  the  ore  from 
the  tipple  50  ft.  above.  A  6-hp.  motor  furnishes  the  required  power  for 
the  roll  feeders  of  each  pair  of  loaders. 

Shafts 

Taken  individually  the  shafts  do  not  deviate  materially  from  usual 
designs,  being  of  reinforced  concrete  throughout.  They  are  of  the  same 
size,  each  being  made  up  of  three  compartments  5  ft.  6  in.  by  5  ft.  11  in., 
the  two  south  compartments  of  either  shaft  being  for  the  ore  skips.  The 
north  compartment  in  the  West  Main  serves  the  man  elevator  and  the 
corresponding  compartment  in  the  East  Main  is  taken  up  by  pipe  lines, 
ladderways  and  the  elevator  counterweight.  All  platforms,  supports, 
and  ladders  in  this  compartment  are  of  steel.  The  conduits  carrying  the 
power  and  lighting  circuits  underground  are  in  the  end  walls,  being 
brought  to  jimction  boxes  every  100  ft. 

Ore  and  Spillage  Skips 

The  ore  skips  are  built  according  to  special  designs.  They  have  a 
nominal  capacity  of  12  tons  and  weigh  17,000  lb.  each.  The  overall 
length  is  21  ft.,  the  skip  proper  being  14  ft.  deep.  The  body  is  of  J^-in. 
steel  plate  with  liners  to  take  up  concentrated  wear. 

In  order  to  keep  the  sumps  at  the  bottom  of  the  shafts  clean  and  to 
facilitate  the  handling  of  ore  which  does  find  its  way  below  the  skips, 
spillage  skips  have  been  installed  (Fig.  2).  These  rest  on  chairs  17  ft. 
below  the  ore-skip  chairs  and  by  means  of  hinged  aprons  completely 
close  off  the  shaft.  When  one  is  filled  it  is  attached  to  the  bottom  of  the 
ore  skip  and  hoisted  to  the  top  of  the  underground  pocket,  where  by  open- 
ing a  hopper  bottom  it  is  discharged.  They  have  a  capacity  of  9  tons 
each. 

Automaiic  Hoists 

At  the  time  it  was  decided  to  sink  two  shafts  the  conditions  seemed  to 
favor  the  use  of  two  entirely  independent  hoists,  located  symmetrically 
on  either  side  of  the  main  headframes.  It  was  next  proposed  to  put  the 
two  hoists  under  the  same  roof  but  to  operate  them  independently  of  each 
other.  Then  on  account  of  the  advent  of  several  new  conditions  it  was 
deemed  advisable  to  make  the  operation  of  the  hoists  automatic. 

While  the  hoists  are  entirely  automatic  in  their  operation,  either  can 
be  manually  operated  independently  of  the  other  if  so  desired.  No  at- 
tempt will  be  made  to  cover  the  automatic  features  of  the  installation  as 
these  are  presented  in  detail  in  another  paper.  ^    Suffice  it  to  say  here 

*  H.  Kenton  Burgh  and  M.  A.  WmTiNo:  Automatic  Operation  of  Mine  Hoists 
as  Exemplified  by  the  New  Electric  Hoists  for  the  Inspiration  Consolidated  Copper 
Co.,  BuOeiin  No.  Ill,  pp.  583  to  696.     (March,  1916.) 
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that  the  problem  as  presented  has  been  solved  in  a  most  efficient  manner, 
sufficient  proof  being  the  entire  satisfaction  that  the  equipment  has  thus 
far  given. 

Man  Elevator 

When  the  question  of  handling  men  came  up,  several  possibilities  as 
regards  point  of  distribution  presented  themselves.  They  could  be 
handled  through  an  existing  tunnel,  hoisting  or  lowering  to  the  working 
levels  through  an  inclined  shaft,  or  entirely  through  an  inclined  shaft,  or 
through  one  of  the  main  shafts.  Whichever  scheme  proved  tlie  most 
feasible,  the  idea  was  to  have  the  men  do  as  little  walking  as  possible, 
ample  provision  to  be  made  for  transferring  them  from  change  house  to 
working  places.  It  was  finally  decided  that  distribution  from  the  main 
shafts  was  the  most  logical  and  the  shafts  were  equipped  accordingly. 

The  next  consideration  was  the  type  of  hoists  to  be  used.  Standard 
mine  practice  favored  a  separate  hoist,  manually  operated  and  working 
against  a  counterweight.  This  type  made  necessary  the  services  of  two 
attendants,  one  on  the  cage  and  one  at  the  hoist,  but  in  working  out 
probable  operating  costs  the  idea  was  conceived  of  eliminating  the  hoist 
attendant  by  an  application  of  the  elevator  principle.  Studies  along  this 
line  were  at  once  begun,  but  no  great  amoimt  of  enthusiasm  among  the 
manufacturers  could  be  aroused  on  accoimt  of  the  unusual  conditions. 
Equipment  was  wanted  to  handle  a  counterweighted,  double-deck  cage, 
weighing  7,100  lb.  and  loads  of  7,500  lb.,  the  maximum  speed  of  the  cage 
to  be  800  ft.  per  minute.  The  fact  that  the  hoist  and  coimterweight 
would  have  to  be  removed  from  the  elevator  shaft  also  presented  a  new 
feature  in  the  design.  It  may  be  said,  however,  that  placing  the  hoist 
in  the  headframes  directly  above  the  shaft,  as  is  the  usual  practice  in 
office  building  design,  was  at  one  time  considered. 

The  equipment  as  installed  is  operated  entirely  from  the  cage,  the 
hoist,  motor-generator  set,  and  control  apparatus  being  in  the  hoist  house 
about  220  ft.  away.  The  motor  driving  the  direct-current  generator  on 
the  motor-generator  set  has  a  rating  of  190  hp.,  the  generator  developing 
130  kw.  The  hoist  is  driven  by  a  158-hp.  direct-current  motor.  It  is 
provided  with  a  safety  brake,  so  arranged  that  when  the  hoist  is  stopped 
the  brake  is  automatically  applied  to  hold  the  cage.  This  brake  is  actu- 
ated by  spring  pressure,  is  constantly  in  service  except  when  electrically 
released  during  normal  operation  of  the  hoist  and  is,  therefore,  instantly 
applied  in  case  the  current  supply  is  interrupted  from  any  cause.  Addi- 
tional safety  devices  are  provided  which  take  care  of  overwind,  overload 
on  motor,  slack  cable,  etc.  Two  oil-cushioned  buflFers  are  provided  at 
the  bottom  of  the  shaft,  being  so  designed  as  to  bring  the  loaded  cage  to  a 
gradual  stop  in  case  the  cage  from  any  cause,  while  running  at  normal 
speed,  should  not  stop  at  the  lower  terminal.    The  cage  is  equipped  with 
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« 

a  telephone  which  keeps  the  attendant  in  touch  with  the  hoist  houfle, 
also  with  an  annunciator  system  covering  the  several  levels.' 

Each  level  and  the  collar  are  provided  with  twoHstory  stations  that 
make  it  possible  to  load  both  decks  without  shifting.  The  cage  accom- 
modates 36  to  40  men  besides  the  attendant.  The  surface  station,  which 
is  in  the  headframe,  is  connected  with  the  change  house  by  a  covered 
runway.  From  the  underground  stations  the  men  are  transferred  to  the 
various  working  places  in  cars  acconunodating  12  men  each  and  drawn 
by  the  haulage  locomotives. 

The  flow-sheet  in  Fig.  7  should  be  referred  to  in  connection  with  the 
following  description  of  the  surface  plant  of  the  Inspiration  company. 

Crushing  Plant 

The  loaded  ore  skips  assimae  a  dumping  position  at  a  point  about 
midway  between  the  shaft  collars  and  the  center  of  the  sheaves,  leaving 
about  25  ft.  for  possible  overwinding.*  The  sheaves  are  125  ft.  above  the 
shaft  collars.  They  are  12  ft.  in  diameter  and  are  pressed  on  83^-iii. 
shafts;  8-ft.  sheaves  on  6-in.  shafts  are  used  for  the  man-elevator  ropes. 
The  dumping  tracks  are  of  usual  design. 

• 

Crude-ore  Bin 

By  means  of  chutes  leading  away  from  one  compartment  of  each  shs^t, 
an  even  distribution  of  the  ore  is  effected  throughout  the  length  of  the 
2,000-ton  crude-ore  bin.  This  bin  is  of  rather  unusual  design  and  very 
nearly  self-cleaning.  The  bottom  slopes  down  45**  each  way  from  a  hip 
center,  toward  the  vertical  back  and  front,  a  section  resembling  an  in- 
verted capital  M.  Gates  are  placed  under  the  bin  on  the  slope  toward 
the  back  as  well  as  on  the  front  of  the  bin.  This  arrangement  of  bottom 
and  gates  not  only  allows  the  bin  to  be  emptied  but  the  ore  is  prevented 
from  packing  or  hanging  up  by  drawing  off  alternately  from  the  rear  and 
front  gates.  The  gates  are  48  in.  wide  and  are  operated  by  rack  and 
pinion  from  runways. 

For  each  of  the  four  units  of  the  crushing  plant  two  gates,  one  under 
the  bin  and  one  in  front,  discharge  on  an  apron  feeder  that  travels  across 
and  under  the  bin,  delivering  the  ore  upon  a  3-in.  bar  grizzly  feeding  a 
No.  8  gyratory  crusher  set  to  crush  to  4-in.  cubes  (Fig.  4). 

The  apron  feeders  have  a  width  of  48  in.,  a  length  of  25  ft.  6  in.  be- 
tween centers  and  travel  at  7  ft.  per  minute;  20-in.  belt  conveyors  travel- 
ing at  7  ft.  per  minute  and  driven  from  the  feeder  sprockets  are  placed 
beneath  the  feeders  to  take  care  of  drippings.  These  discharge  into 
chutes  that  join  the  undersize  from  the  grizzlies.  Wood  scraps  are 
removed  from  the  ore  at  the  discharge  end  of  the  apron  feeders  and  also 
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from  the  inclined  conveyors  leading  to  the  disk  crushers.  These  scraps 
are  carried  away  by  two  20-in.  belt  conveyors  traveling  at  75  ft.  per 
minute,  running  across  the  building  and  dumping  outside. 

One  of  the  four  similar  crushing  units  will  be  described  in  the  following 
paragraph.    Fig.  4  shows  a  cross-section  of  the  cruebing  plant. 

Description  of  Crushing  Unit 

The  dischai^e  from  the  gyratory  and  the  underaize  from  the  grizzly 
are  conveyed  by'a  30-in.  inclined  belt  conveyor  to  two  4S-in.  disk  crushers, 


Pia.  4 — Section  of  Coab81I-Crij9HINO  Plant. 

the  ore  first  passing  over  a  Ij^-in.  bar  grizzly.  This  conveyor  has  a 
magnetic  head  puUey  for  removing  tramp  steel.  The  48-in.  disk  crushers 
ue  set  with  a  maximum  opening  of  2  in.,  their  discharge  and  the  under- 
aize from  the  IJ^-in.  grizzlies  joining  on  two  36-in.  horizontal  cross  belts 
which  in  turn  dischat^  at  the  center  of  the  building  on  the  two  main 
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inclined  belts,  also  36  in.  in  width.  These  belts  are  300  ft.  long,  travd 
at  350  ft.  per  minute  and  are  equipped  with  hand-adjusted  tail-pulley 
take-ups  and  also  with  weighted  tension  carriages.  They  discharge  on 
four  24-in.  horizontal  conveyors  over  the  storage  bin,  each  of  which  has  an 
automatic  tripper  which  distributes  the  ore  uniformly  throughout  the 
bin.  Weightometers  are  placed  on  the  two  main  inclined  belts,  thus  giv- 
ing a  record  of  the  ore  handled. 

Storage  Bin 

The  purpose  of  the  storage  bin  in  connection  with  a  mine  plant  is 
identical  with  that  of  a  flywheel  on  an  engine:  "To  give  out  and  absorb 
energy  when  variation  in  the  load  occurs  suddenly."  It  does  away  with 
the  necessity  of  maintaining  a  nice  balance  between  mine  and  mill  and 
allows  either,  for  a  short  time,  to  cease  running  altogether,  or  to  run  at  a 
lessened  capacity.  Where  the  mill  is  removed  from  the  mine  plant,  it 
also  furnishes  an  economical  means  of  transferring  the  ore  into  railroad 
cars.  Besides  this  it  allows  of  a  hoisting  and  crushing  period  considerably 
less  than  full-time  running,  a  very  important  consideration,  since  there 
are  always  repairs  to  be  made  in  shafts,  to  loaders,  tipples,  hoists,  and 
crushing  machinery. 

The  Inspiration  storage  bin  is  double  tracked,  has  an  available  capac- 
ity of  25,000  tons  and  will  load  a  train  of  14  cars  without  switching.  The 
base  is  of  reinforced  concrete,  and  is  provided  with  four  expansion  joints. 
The  bin  proper  and  conveyor  housing  are  of  steel.  The  main  dimensions 
of  the  bin  are  as  follows:  Overall  length  465  ft.;  width  40  ft.;  depth  40 ft 
The  bin  is  divided  into  three  compartments,  the  two  end  compartments 
being  for  the  storage  of  special  ores  if  any  such  ever  be  encountered. 
They  are  comparatively  small,  accommodating  one  car  on  each  track 
and  having  an  available  capacity  of  1,700  tons  each. 

The  distributing  belts  are  driven  by  two  60-hp.  motors  located  at 
either  end  of  the  bin.  The  ore  is  drawn  off  through  hand-operated  gates 
of  the  swinging  cut-off  type,  there  being  three  gate  openings  for  each  car. 

Sab£pling  Plant 

• 

The  heads  sampler  is  placed  at  the  point  where  the  main  inclined  belts 
discharge  on  the  horizontal  cross  belts  (Kg.  7).  This  sampler  consists 
of  a  rectangular  cast-iron  bucket,  9  by  30  in.,  on  the  end  of  a  revolving  arm 
10  ft.  in  length.  The  bucket  runs  on  a  circular  track  12  ft.  4  in.  in  diame- 
ter and  is  driven  through  a  wormwheel  mounted  on  a  vertical  shaft, 
making  a  revolution  every  40  sec.  The  bucket  has  a  swinging  cut-off 
type  of  gate  for  a  bottom.  In  its  travel  it  cuts  the  two  main  ore  streams, 
taking  out  K20;  ^^^  &t  a  point  180^  from  the  ore  stream  strikes  a  tripper 
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which  causes  the  gate  to  open  and  the  sample  to  be  discharged  into  a 
10-ton  hopper.  From  the  hopper  the  sample  is  fed  by  a  roll  feeder  and 
started  on  its  way  through  the  sampling  plant,  which  is  located  against 
the  center  of  the  storage  bin  opposite  the  main  conveyors.  Here  the 
sample  is  first  passed  through  a  24-in.  disk  crusher.  A  Ks  ^^^  ^  ^^^^ 
made  with  a  Snyder  sampler  and  this  cut  is  delivered  to  a  set  of  27  by 
14-in.  rolls.  The  roll  product  is  cut  by  a  second  Snyder  sampler,  this 
Ks  cut  going  to  a  mixing  drum  that  equalizes  the  flow.  The  resulting 
stream  is  delivered  to  a  duplex  Vezin  sampler  making  two  3^o  <^uts. 
These  samples  are  duplicates  and  weigh  110  lb.  each,  representing  a  day's 
run.  The  rejects  from  the  three  samplers  go  to  an  elevator  that  dis- 
charges into  the  storage  bin. 

Motors  and  Other  Equipment 

The  four  units  of  the  crushing  plant  are  driven  by  four  200-hp.  motors 
located  in  two  dustproof  rooms,  symmetrically  arranged  on  either  side  of 
the  plant.  Except  for  some  minor  reductions,  belt  transmission  is  used 
throughout.  ^ 

Two  20-ton  electric  cranes  are  installed  in  the  plant,  one  to  serve  the 
gyratories,  the  other  the  disk  crushers,  motors,  etc.  These  are  in  turn 
connected  to  the  yard  track  by  transfer  cars  and  a  20-ton  electric  trolley 
hoist,  running  at  right  an^es  outside  of  the  building.  Each  200-hp. 
motor  is  served  by  a  6-ton  crawl  so  arranged  as  to  allow  of  crane  handling 
after  leaving  the  motor  room.  A  repair  car  and  track  near  the  gyratories 
permits  of  easy  handling  of  their  driving  mechanisms,  or  bottom  plates. 

Compressor  Equipment 

Compressed  air  is  used  for  two  distinct  purposes:  For  underground 
haulage,  and  for  mine  drills.  For  the  first,  1,000-lb.  au:  is  used  and  for 
the  second,  100-lb.  The  haulage  system  is  served  by  two  compressors, 
each  having  a  capacity  of  1,125  cu.  ft.  of  free  air  per  minute  at  107  r.p.m. 
These  are  of  the  duplex,  four-stage,  power-driven  type,  the  cylinders  being 
cross-compounded,  water-jacketed,  and  having  intercoolers  between  the 
stages.  These  compressors  have  an  automatic  regulating  arrangement 
whereby  the  1,000-lb.  discharge  line  is  cut  out  when  a  predetermined  high- 
pressure  point  has  been  reached,  and  the  four  cylinders  converted  into  a 
double-compound  compressor,  discharging  directly  into  the  100-lb.  main. 
Each  compressor  is  driven  by  a  430-hp,  self-starting,  synchronous  motor. 

The  low-pressure  equipment  consists  of  two  100-lb.  compressors  hav- 
ing capacities  of  3,000  and  7,270  cu.  ft.  of  free  air  per  minute.  Both 
compressors  are  of  the  parallel,  two-stage  type,  all  cylinders  being  water- 
jacketed  with  intercoolers  between  the  two  stages.     The  7,270-ft.  machine 
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is  equipped  throughout  with  Hoerbiger-Roegler  plate  valves,  which  on 
account  of  the  very  short  movement  and  exceedingly  light  construction 
permit  of  a  high  compression  efficiency.  The  cylinders  of  this  machine 
are  46-in.  and  28  by  36-in.  stroke.  It  is  driven  by  a  self-starting  synchron- 
ous motor  of  1,150  hp.  The  3,000-ft.  machine  is  driven  by  a  500-hp. 
self-starting,  synchronous  motor  at  107  r.p.m. 

Two  100-kw.,  125-volt,  motor-generator  sets  arranged  to  operate  in 
parallel  serve  as  exciters  to  the  compressor  motors.  Cooling  water  for 
the  jackets  and  intercoolers  is  obtained  from  a  circulating  system  con- 
sisting of  a  duplicate  installation  of  750-gal.  triplex  pumps  and  a  spray 
cooling  pond. 

The  compressors  and  hoisting  equipment  are  housed  in  a  spacious  and 
well-lighted  building  which  has  a  25-ton  electric  crane  running  its  entire 
length  connecting  at  one  end  with  a  well  into  which  railroad  cars  can  be 
run  and  unloaded.  A  22-panel,  remote-control  switchboard,  together 
with  the  low-tension  (2,200-volt)  bus  equipment,  occupy  a  room  along  one 
side  of  the  building,  the  high-tension  transformer  station  being  outside 
near  one  end  of  the  building.  Only  two  attendants  per  shift  are  required, 
one  being  an  oiler.  Without  the  automatic  features  for  hoisting  ore  and 
the  elevator  for  handling  men,  at  least  four  would  be  required. 

CONCENTRATOR 

The  considerations  which  led  to  the  type  of  plant  finally  decidi^  upon 
will  first  be  given;  this  will  be  followed  by  a  description  of  the  plant. 
The  concentrator  includes  the  concentrates  filter  plant.  Fig.  5  shows  the 
concentrator  with  its  adjuncts. 

600-Ton  Test  Mill 

The  underlying  principle  that  pervaded  the  work  in  this  mill  was  to 
carry  on  all  experiments  with  the  idea  constantly  in  mind  that  the  particu- 
lar method  or  machine  under  test  might  eventually  be  installed  in  the 
new  mill. 

The  test  mill  was  put  up  primarily  to  try  out  flotation  on  a  large  scale 
in  order  to  determine  its  proper  application  to  Inspiration  ores.  Since 
the  flotation  process,  as  applied  to  the  concentration  of  copper  ores,  was 
an  innovation,  it  waa  logical  to  suppose  that  in  its  last  analysis  the  flow- 
sheet might  differ  altogether  from  wet  concentration  methods.  This  did 
not  prove  to  be  the  case,  but  the  assumption  was  made  and  it  was  for 
this  reason  that  the  test  mill  was  made  so  flexible. 

The  test  mill  was  started  February,  1914.  The  concentrates  sold 
have  paid  the  expenses  of  erection  and  operation,  a  remarkable  record 
for  a  test  plant.  It  has  treated  from  600  to  1,000  tons  per  day,  the 
amount  depending  upon  the  types  of  machines  being  tested. 
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The  building  is  of  timber,  covered  with  corrugated  steel.  This  type 
of  building  was  chosen  because  it  would  facilitate  changes  or  additions, 
was  the  cheapest  and  quickest  form  of  construction,  and  would  still  have 
considerable  value  when  dismantled.  All  machinery  was  placed  on  con- 
crete foundations. 

The  ore  for  the  test  mill  was  taken  from  a  development  shaft  and  re- 
duced to  3-in.  cubes  in  a  No.  8  gyratory  crusher  located  nearby,  the 
crushed  ore  being  loaded  into  cars  which  emptied  into  a  180-ton  bin  at 
the  head  of  the  test  mill.  The  following  description  gives  the  way  in 
which  the  mill  was  first  run,  the  various  additions  and  changes  being  noted 
in  sequence. 

Two  30-in.  apron  feeders  delivered  ore  from  the  bin  to  an  inclined 
20-in.  belt  conveyor,  which  was  equipped  with  a  recording  weighing 
machine  and  a  magnetic  head  pulley.  This  conveyor  delivered  the  ore 
to  a  36-in.  Symons  horizontal  disk  crusher  and  a  Symons  48-in.  fine  reduc- 
tion disk,  or  vertical  disk  crusher.  These  two  machines  delivered  to  a 
second  20-in.  incUned  conveyor.  If  so  desired  the  two  crushers  could  be 
bypassed,  the  delivery  then  being  made  direct  to  the  second  conveyor. 
This  permitted  the  crushers  below  the  second  conveyor  to  be  tried  either 
as  primary  or  secondary  machines.  The  second  conveyor  delivered  the 
ore  to  another  48-in.  fine  reduction  disk  and  a  Symons  48-in.  roller  mill. 
Water  could  be  added  either  above  or  below  these  crushers.  The  ore 
then  went  to  four  Hardinge  mills,  the  feed  to  which  was  regulated  within 
suitable  limits  by  a  mechanical  distributor.  Three  of  these  mills  were 
8  ft.  in  diameter  with  barrels  36  in.,  44  in.  and  72  in.  long,  all  being  direct- 
driven  by  inductiofi  motors.  The  fourth  mill  was  10  ft.  in  diameter,  had 
a  barrel  length  of  28  in.  and  was  belt-driven.  All  of  these  machines  were 
pebble  mills  with  either  silex  or  El  Oro  linings. 

A  drag  classifier  followed  each  mill,  the  whole  fioor  being  so  arranged 
that  each  mill  could  be  placed  in  a  closed  circuit  with  its  drag  or  two  mills 
and  their  drags  run  in  tandem,  that  is,  the  first  mill  discharged  into  a 
drag,  the  sand  from  which  was  delivered  into  the  second  mill  which  in 
turn  discharged  into  the  second  drag.  The  sand  from  the  second  drag 
was  returned  to  join  the  sand  from  the  first  drag  to  form  the  feed  for  the 
second  mill.  The  overflow  from  the  drag  was  delivered  either  to  eight 
sand  tables  by  two  distributors,  or  sent  to  other  distributors  which  fed 
eight  slime  tables  at  the  lower  end  of  the  mill. 

Between  the  sand  and  the  slime  tables  were  placed  the  flotation  ma- 
chines which  could  be  fed  directly  from  the  drag  overflow  or  by  any  table 
product.  The  original  installation  consisted  of  two  Minerals  Separation 
eight-compartment  flotation  machines,  one  of  50-ton  and  the  other  of 
600-ton  capacity.  By  means  of  elevators  any  flotation  product  could  be 
retreated  on  the  slime  tables  or  in  the  small  flotation  machine. 

The  concentrates  from  the  tables  and  flotation  machines  went  to  a 
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filter  plant  containing  an  Oliver  and  a  Trent  filter.  The  dried  concen- 
trates were  loaded  into  1-ton  cars,  weighed  and  dumped  into  a  railroad 
bin  from  which  they  were  taken  to  the  smelter. 

Mechanical  samplers  were  installed  at  important  points  and  hand 
samples  taken  where  necessary. 

The  crushing  and  grinding  experiments  were  not  only  extensive  but 
proved  most  interesting,  the  results  being  qmte  unexpected.  The  3&-in. 
disk  crusher  represented  the  48-in.  disk  crushers  now  installed  in  the 
crushing  plant  following  the  gyratories. 

As  secondary  or  intermediate  crushers,  that  is,  machines  between  the 
36-in.  Symons  disk  and  the  Hardinge  miUs  the  following  were  tried  out: 
The  Symons  48-in.  fine  reduction  disk;  the  Symons  48-in.  rpller  mill;  the 
Symons  66  by  48-in.  ring  mill;  the  Bradley  66-in.  centrifugal  roller  mill; 
the  Overstrom  centrifugal  crusher;  the  Allis-Chalmers  No.  4  hammer  mill; 
and  the  Marcy  ball  mill. 

The  final  results  indicated  that  the  Symons  fine  reduction  disk,  with 
a  little  redesigning,  would  be  an  efficient  machine  for  the  limited  field  of 
crushing  from  4-in.  cubes  to  4-mesh.  It  was  found  that  this  could  be 
done  with  a  single  pass,  no  oversize  resulting.  The  machine  would  not 
work  well  wet  and  it  was  found  necessary  to  remove  all  fines  from  the 
feed  to  the  machine,  otherwise  a  packing  would  occur.  Consumption  of 
steel  wearing  parts  appeared  low,  as  also  did  power  consumption,  although 
no  definite  results  as  to  these  two  points  were  obtained. 

The  Marcy  mill  also  proved  to  be  a  most  excellent  intermediate 
crusher,  handling  as  high  as  800  tons  of  3-in.  feed  and  under  to  pass  an 
S-mesh  screen  without  return  of  oversize. 

To  compete  with  the  four  Hardinge  mills  a  6  by  20-ft.  Chalmers  & 
Williams  tube  mill  and  an  8  by  5-ft.  ball  mill  were  installed.  The  latter 
was  a  Mafcy  mill  using  5-in.  diameter  steel  balls.  It  was  placed  in  a 
closed  circuit,  as  were  the  pebble  mills,  and  gave  good  results.  It  was 
next  tried  on  a  feed  from  the  36-in.  disk  crusher  and  then  on  a  feed  direct 
from  the  gyratory.  These  experiments  definitely  demonstrated  that  only 
three  reductions  were  necessary:  A  gyratory,  followed  by  a  disk  crusher 
and  ball  mills  in  a  closed  circuit.  This  is  the  arrangement  installed  in 
the  present  plant. 

Several  different  classifiers  were  tried  in  the  ball-mill  circuit,  a  spe- 
cially designed  duplex  Dorr  classifier  being  adopted. 

The  flotation  machines  and  the  tests  conducted  on  them  are  described 
in  another  paper,*  but  it  is  interesting  to  note  here  that  the  following 
machines  were  tried  out:  Minerals  Separation,  Hoover  and  Hebbard 
tjrpes;  the  Callow  flotation  cells;  the  Cole-Bergman;  and  the  Inspiration 
machine. 

'  Rudolph  Gahl:  History  of  the  Flotation  Process  at  Inspiration,  BvUeiin  No. 
117,  September,  1916. 
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The  Inspiration  machine  was  devised  during  the  operation  of  the  test 
mill. 

The  concentrator  is  equipped  as  follows:  4  units  with  the  Callow 
machines;  13  units  with  the  Inspiration  machines;  and  1  unit  with  the 
Minerals  Separation  machines. 

The  drag  classifier  as  originally  tried  out  proved  to  be  too  small  for 
the  tonnage  required,  the  drag  now  in  the  concentrator  having  been 
developed  from  the  small  one. 

The  tables  tested  were  the  Deister  Machine  Co.'s  double-deck  slimers, 
double-deck  sand  tables,  and  four-deck  slimer;  the  Deister  Concentrating 
Co.'s  single-deck  slimer,  double-deck  sand  table  and  No.  4  sand  machine; 
and  the  Wilfley  No.  6  table  with  decks  arranged  for  both  sand  and  slime. 
The  Deister  Machine  Co.'s  double-deck  sand  table  was  adopted,  198 
being  installed. 

This  sketch  of  the  test  mill  does  not  bring  out  the  many  small  thmgs 
experimented  with,  such  as  shaking  screens,  Caldecott  cones,  samplers, 
feeders,  slopes  of  launders  and  conveyors,  or  the  necessary  efforts  to 
work  out  improvements  on  the  new  machines. 

The  15,000-Ton  Concentrator 

The  ore  comes  from  the  mine  plant  in  14-car  trains,  and  is  dumped 
into  the  concentrator  bins,  which  have  a  capacity  of  12,000  tons,  or  670 
tons  per  unit  (Figs.  5  and  6).  These  bins  are  of  the  suspension  type,  are 
double  tracked,  and  extend  the  full  length  of  the  mill,  300  ft. 

The  mUl  is  made  up  of  18  units,  similar  in  equipment  except  for  the 
differences  in  the  flotation  department.  Eighteen  30-in.  apron  feeders, 
located  on  the  center  line  of  the  bin,  feed  the  ore  to  20-in.  inclined  con- 
veyor belts  traveling  at  150  ft.  per  minute.  \Veightometers  are  installed 
on  these  belts,  which  record  the  amount  of  ore  fed  to  each  unit.  The 
conveyors  discharge  into  hoppers  where  a  spUt  is  made,  half  of  the  feed 
going  to  the  north  ball  mills  and  half  to  the  south  mills,  the  transfer  being 
made  through  launders  with  cast-iron  liners  and  having  a  slope  of  45** 
(Fig.  7). 

,  .  Grinding  Section 

Floor  Arrangement.- — One  of  the  novel  features  relative  to  the  layout 
of  this  plant  is  the  arrangement  of  the  grinding  floor.  With  due  regard 
for  the  individual  capabiUties  of  the  machines  used,  it  is  nevertheless  a 
fact  that  the  arrangement  has  been  important  in  bringing  about  the  ex- 
cellent results'  obtained.  The  following  tabulation  will  serve  to  show 
that  the  method,  besides  being  efficient  in  the  work  it  is  doing,  is  conserva- 
tive of  floor  space  as  well: 
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Capacity  of  installation,  15,000  tons  per  day  from  2-in.  disk  crusher 
opening  to  IJ^  per  cent,  on  48-mesh. 

Area  of  grinding  floor,  exclusive  of  motor  platforms,  300  by  66  ft.,  or 
19,800  sq.  ft. 

Floor  space  per  ton  capacity,  1.32  sq.  ft. 

The  scheme  can  be  briefly  described  as  a  parallel-series  arrangement; 
two  circuits — each  with  a  Marcy  ball  mill  and  a  Dorr  classifier  in  series — 
are  arranged  in  parallel,  the  oversize  from  each  classifier  being  returned 
to  the  mill  opposite  for  regrinding.  The  mills  are  symmetrically  arranged 
in  two  rows  extending  the  length  of  the  mill  with  their  feed  ends  facing 
each  other,  just  enough  room  being  left  between  them  to  accommodate 
the  Dorr  classifiers  (Figs.  10  and  11). 

The  Dorr  classifiers  act  as  elevators  and  since  all  return  is  handled  by 
them,  the  whole  department  is  confined  to  ar  single  level.  There  is  a 
main  runway  between  the  mills  above  the  classifiers,  from  which  branch 
runways  are  taken  off  to  lead  to  the  motors,  between  mills,  etc.  This 
arrangement  gives  the  attendant  an  excellent  opportunity  to  watch  his 
machines  and  to  reach  them  when  necessary.  The  conveyors  bringing 
the  feed  to  the  mills  are  terminated  in  hoppers  on  aplatform  high  enough 
above  the  mills  to  allow  of  a  45^  slope  for  the  launders  leading  to  the  feed 
boxes.  The  motors  for  driving  the  conveyors,  classifiers,  etc.,  together 
with  their  control  apparatus,  are  located  on  this  platform,  as  are  also  the 
control  panels  for  the  ball-mill  motors.  The  switchboard  attendant  thus 
has  a  commanding  view  of  the  whole  grinding  floor.  The  floor  is  served 
by  a  60-ton  electric  traveling  crane  which  transfers  the  mills  to  and  from 
the  repair  floors  located  at  either  end  of  the  building.  An  inclined  skip- 
way  along  one  side  of  the  building  serves  the  whole  concentrator,  the 
cranes  on  each  floor  making  direct  connection  with  it. 

Marcy  Ball  Mills, — The  feed  for  each  ball  mill  consists  of  ore  from 
the  bin,  together  with  the  sand  from  the  discharge  of  the  mill  opposite, 
the  final  product  of  the  system  being  the  overflow  of  the  classifiers.  The 
feed  to  the  ball  mills  has  a  consistency  of  about  1  to  2,  and  the  overflow 
from  the  classifiers  about  3  to  1,  the  latter  being  maintained  by  an  auto- 
matic device  which  adds  water  as  required  in  the  discharge  boxes  of  the 
ball  mills. 

The  ball  mills  are  8  ft.  in  diameter  and  6  ft.  long.  They  are  direct- 
driven  through  herring-bone  gears  by  225-hp.  induction  motors.  Oui 
experiments  with  the  ball  mill  in  the  test  plant  led  us  to  the  conclusion 
that  we  could  crush  400  tons  of  the  coarse-crushing  plant  feed  with  each 
mill  in  24  hr.  to  2  per  cent,  on  48-mesh  screen  and  60  per  cent,  minus 
200.  Now  that  the  Inspiration  mill  is  running  with  all  sections,  it  has 
been  shown  that  our  test  figures  were  correct.  Not  only  have  we  been 
able  to  crush  400  tons  per  miU,  but  with  18  sections  running  the  average 
daily  dry  tonnage  for  the  month  of  May  was  15,358.     We  have  a  test 


1490      MINE  AND  MILL   OF  INSPIRATION   CONSOLIDATED   COPPER  CO. 

section  (of  two  mills)  that  showed  for  a  short  period  a  tonnage  rate  of 
1,000  tons  per  24  hr.  While  this  is  by  no  means  the  average,  yet  it  indi- 
cates what  may  be  done  in  the  future. 

Performance  of  Crushing  Machines, — In  view  of  the  character  of  the 
ore  and  the  fact  that  much  of  it  is  tough  and  more  difficult  to  crush  than 
the  ordinai*y  porphyry  ores,  we  consider  the  power  consumption  for  our 
crushing  plants  very  satisfactory.  The  power  consumption  at  the  coarse- 
crushing  plant  for  the  month  of  May,  taking  mine-run  ore,  crushing  it  in 
gyratories  and  disk  crushers,  and  conveying  to  the  raikoad  bins,  was 
0.329  kw.-hr.  per  ton.  At  the  mill,  the  average  power  consumed  per  ton 
during  the  month  of  May  for  the  ball  mills,  including  power  for  feeders, 
conveyors  and  classifiers,  was  10.4  kw.-hr.  Therefore,  the  total  power 
consumed  per  ton  for  the  month  of  May  on  ore  taken  from  the  mine  bins, 
crushed  and  delivered  to  the  flotation  machines  was  10.729.  We  have 
had  one  section  of  the  ball  mills  in  operation  for  a  period  of  10  days  that 
has  given  a  power  consumption  of  8.53  kw.-hr.  per  ton.  If  we  add  to  this 
figure  the  power  used  at  the  coarse-crushing  plant  and  of  the  conveyors, 
we  would  have  8.88  kw.-hr.  per  ton  of  mine-run  feed  delivered  to  the  flota- 
tion machines.  The' above  does  not  include  the  power  required  for  trans- 
porting the  ore  by  steam  road  from  the  mine  to  the  mill. 

The  crushing  and  delivery  of  the  ore  for  concentration  is  a  matter  of 
great  importance,  and  one  that  absorbs  a  large  portion  of  the  operating 
costs  in  the  treatment  of  ores.  Too  much  attention  cannot  be  given  it. 
We  are  now  conducting  many  experiments  in  connection  with  our  crush- 
ing problem,  including  different  types  of  steel  for  wearing  parts  and  modi- 
fications that  influence  our  tonnage  and  cost  of  production.  We  have 
equipped  ball  mills  without  the  grates  and  the  results  of  the  mills  so 
equipped  have  shown  us  that  ball  mills  equipped  with  grates  have  advan- 
tages in  increased  tonnage  and  efficiency.  Our  experiments  with  the 
different  shapes  of  pebble  mills,  our  subsequent  experiments  with  the 
ball  mills,  and  finally  our  monthly  operation,  lead  us  to  the  conclusion 
that  a  good  choice  was  made  in  the  selection  of  our  present  grinding 
machinery. 

Flotation  Section 

The  overflow  from  the  Dorr  classifiers  goes  to  the  flotation  machines, 
of  which  there  are  three  types  now  in  operation.  Generally  speaking, 
the  flotation  machines  make  a  clean  concentrate  which  goes  to  the  filter 
plant,  a  middling  which  goes  to  drag  classifiers  and  a  tailing  which  goes 
to  waste.  As  the  subject  of  flotation  is  to  be  taken  up  in  detail  in  another 
paper,  just  enough  will  be  given  here  to  bring  out  the  part  the  process 
plays  in  the  general  scheme.  The  flow-sheets  for  the  two  processes  differ- 
ing somewhat,  each  will  be  considered  separately. 
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Flow-She^  with  Callow  Flotation  Cells. — A  unit  installatioii  of  these 
machines  consists  of  a  total  of  28  cells  which  for  sake  of  compactness  are 
grouped  into  sets  of  four  cells  each,  individual  cells  being  3  ft.  33^  in.  by 
10  ft.  2  in.  Of  this  total  eight  are  roughers^  16  are  for  retreatment  and 
four  are  cleanerS;  the  arrangement  of  the  group  being  such  that  all  feeds 
and  products  except  two  are  handled  by  gravity.  These  two  are  elevated 
by  sand  pumps.  The  Callow  cells,  as  installed  in  this  plant,  make  two 
products,  a  concentrate  and  a  tailing. 

The  overflow  from  the  ball-mill  classifiers  first  undergoes  a  roughing 
treatment  in  the  eight  roughers.  Here  the  two  products  are  a  concen- 
trate which  goes  to  the  four  cleaners  and  a  tailing  which  goes  to  a  large, 
specially  designed  drag  classifier,  a  detailed  description  of  which  will  be 
given  later.  The  concentrate  from  the  cleaners  is  a  finished  product 
and  goes  to  the  filter  plant.  The  tailing  from  these  cells  is  pimiped  back 
into  the  rougher  cells  for  a  second  passage  through  the  system.  The 
tailing  from  the  rougher  cells  is  classified  in  the  drag  into  two  products, 
'  a  sand  and  a  slime  overflow,  the  sand  being  still  further  prepared  for 
table  concentration  in  hydraulic  classifiers.  The  tables  make  two  prod- 
ucts, the  concentrates  joining  the  flotation  concentrates  in  the  filter 
plant,  and  the  tailing  going  to  waste.  Further  treatment  of  a  middling 
product  from  these  tables  is  contemplated  and  studies  have  been  made 
along  this  line,  but  as  yet  nothing  definite  has  been  reached.  The  over- 
flows from  both  the  drag  and  the  hydrauhc  classifiers  are  united  and 
pumped  back  to  the  16  re-treatment  cells,  the  concentrate  from  which 
goes  to  the  cleaners,  and  the  tailing  to  waste.  Throughout  the  mill  ade- 
quate provision  has  been  made  for  sampling. 

Flow-Sheet  with  the  Inspiration  Flotaiion  Machines. — Except  for  a 
special  arrangement  in  one  uhit,  the  only  difference  between  this  and  the 
Callow  flow-sheet  is  in  the  flotation  department. 
•  Prom  a  metallurgical  standpoint  the  difference  here  is  not  radical. 
In  a  few  words  the  essential  difference  can  be  stated  as  follows: 

The  Inspiration  system  makes  use  of  but  two  machines  per  unit,  a 
rougher  and  a  cleaner  placed  end  to  end  (Fig.  9).  These  are  each  designed 
to  allow  a  free  passage  of  the  feed  from  the  upper  or  feed  end,  to  the  tail- 
ing or  discharge  end,  during  which  passage  the  feed  is  subjected  to  the 
frothing  action  of  several  compartments.  Because  of  the  large  niunber  of 
compartments  (16  for  the  rougher),  it  has  been  found  that  a  tailing  can 
be  made,  the  slime  of  which  does  not  require  re-treatment  as  is  the  case 
in  the  Callow  system.  The  sand  contained  in  the  rougher  tailing  is  sub- 
jected to  table  concentration.  The  tailing  from  the  cleaners  is  pumped 
back  to  the  roughers  for  a  second  treatment. 

Several  mechanical  features  have  been  introduced  which  are  expected 
to  keep  the  cost  of  operation  at  a  minimum.     The  arrangement  is  simple. 
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Fio.  8. — Ball  MiLia  and  Flotation  Machines. 


Fio.  9, — Inspiration  Flotation  M. 
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requires  a  minimum  of  floor  space  and  is  easily  attended.  Its  large 
capacity  is  an  important  feature. 

Flotation  Air  Supply. — The  flotation  department  requires  a  large 
volume  of  low-pressure  air.  This  is  supplied  by  four  single-stage  cen- 
trifugal compressors  occupying  one  end  of  the  flotation  floor.  The  rating 
of  these  compressors  is  as  follows: 

Capacity,  23,000  cu.  ft.  of  inlet  air  per  minute. 

Discharge  pressure,  5.75  lb.  per  square  inch. 

Revolutions  vper  minute  of  impellers,  3,850. 

Horsepower  of  driving  motor,  720. 

The  step-up  to  the  impellers  is  made  through  Alquist  gears.     One 

unit  of  the  four  is  held  in  reserve. 

> 

Concentrates  Filter  Plant 

Both  the  flotation  and  table  concentrates  receive  the  same  treat- 
ment. From  the  concentrator  they  are  either  elevated  or  flow  by 
gravity  into  the  five  60-ft.  and  three  80-ft.  Dorr  tanks,  located  on  either 
side  of  the  elevator  house.  Here  the  moisture  content  is  reduced  to  about 
50  per  cent.  The  thickened  product  is  drawn  oflf  through  the  bottoms 
into  launders  and  conveyed  through  tunnels  to  bucket  elevators,  which 
raise  it  to  the  top  of  the  elevator  house  where  it  is  distributed  to  six 
OUver  filters  (Fig.  5). 

The  overflow  from  the  Dorr  tanks  is  practically  clear  and  flows  to  the 
return-water  sump.  The  filters  are  standard  Oliver  filters,  the  drums 
being  11  ft.  6  in.  in  diameter  and  having  a  length  of  12  ft.  After  leaving 
the  filters  the  concentrates  have  a  moisture  content  of  about  17  per  cent. 
The  arrangement  is  such  that  a  single  20-in.  conveyor  belt  traveling  at 
100  ft.  per  minute  takes  the  concentrates  away  from  the  filters  and  delivers 
them  to  a  railroad  bin  of  the  tank  type.  Here  they  are  loaded  into 
hopper-bottomed  steel  cars  of  60  tons  capacity.  A  350-ft.  train  shed  pro- 
tects the  loaded  cars  from  heavy  rains  and  winds. 

Drag  Classifiers 

The  drag  classifier  used  on  the  flotation  tailings  for  separating  sand 
from  slime  is  the  result  of  experimental  work  in  the  test  mill.  It  is 
worthy  of  a  detailed  description  not  alone  on  account  of  its  ability  as  a 
classifier  but  also  because  of  its  large  capacity.  Except  for  the  concen- 
trates taken  out  by  the  flotation  cells,  each  machine  handles  the  entire 
tonnage  of  one  unit,  or  800  tons  per  day. 

The  classifier  consists  essentially  of  two  18-in.  belts,  running  parallel 
to  each  other  and  so  arranged  that  the  return  belts  run  entirely  clear  of 
the  settling  surface,  the  rough  classification  being  carried  on  sufficiently 
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far  below  the  surface  to  cause  no  disturbing  currents.  This  is  made  pos- 
sible by  the  use  of  four  pulleys,  one  at  the  discharge  end,  two  (one  ver- 
tically above  the  other)  at  the  feed  end,  and  one  at  the  center  near  the 
bottom,  where  the  dope  begins.  The  distance  between  head  and  t&il 
pulieyfl  ia  39  ft.     The  direction  of  travel  of  the  return  belts  is  horizontal, 
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Pia.  10, — Ball  Mill  and  Clabsifier  Abbangembnt. 


but  on  passing  over  the  upper  taU  pulley  it  becomes  vertical.  The  belt 
thus  enters  the  pulp  perpendicular  to  its  surface.  At  the  bottom  of 
the  tank  its  direction  is  again  changed  to  the  horizontal  by  the  lower 
tail  pulley.  It  travels  thus  to  the  center  of  the  tank  where  a  break  is 
made;  the  belt  with  its  load  passes  under  another  pulley  and  starts  up  a 
20"  slope  toward  the  discharge  end.    All  pulleys  are  32  in.  in  diameter. 
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Two  adjustable  overflow  launders  on  either  aide  of  the  tank  having  a 
combined  lip  length  of  52  ft,,  carry  off  the  slime.  The  effective  settling 
area  of  the  tank  is  25  ft.  by  i  ft.,  or  100  sq.  ft.  The  overflow  is  5  ft.  above 
the  bottom  horizontal  belt.  The  two  sets  of  submerged  pulleys  are 
mounted  on  shafts  running  in  water-tight  bearings  supported  by  the 
Bides  of  the  tank. 


Fio.  11. — Ball  Mills  and  Motob  Plattobkb. 

Tailing  SetlliTig  System 

The  conservation  of  the  water  supply  is  imperative,  and  it  was  for 
this  reason  that  the  extensive  tailing-settling  and  return-water  system 
was  installed.  The  water  is  reclaimed  at  the  concentrator  and  at  the 
tailing  dams.  The  equipment  at  the  concentrator  consists  of  three  100-ft, 
and  one  200-ft.  Dorr  thickeners,  and  a  large  dewatering  box  17  ft.  by 
109  ft.  The  overflow  from  the  80-ft.  concentrate  tanks  is  also  turned  into 
the  return  system.  The  dewatering  box  handles  only  the  table  tailing, 
the  overflow  from  it  being  further  settled  in  three  of  the  60-ft.  Dorr  thick- 
eners. The  overflow  from  all  tanks  goes  to  a  210,00(>^al.  concrete 
sump  from  which  it  is  pumped  to  a  60-ft.  diameter  steel  tank  of  like 
capacity  on  the  shop  level  above  the  concentrator. 

The  return-water  pump  equipment  consists  of  four  vertical  triplex 
pumps  direct-driven  through  gearing  by  100-hp.  synchronous  motors. 
These  pumps  each  have  a  capacity  of  2,000  gal.  per  minute  and  work 
against  a  head  of  113  ft. 
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The  water  reclaimed  from  behind  the  dam  (Fig.  12)  is  at  present  being 
handled  by  a  3,000-gal.  two-st^e  centrifugal  pump,  ao  arranged  that  it 
can  be  moved  up  a  skidway  as  the  water  level  of  the  pond  behind  the 
dam  rises. 

200-Ft.  Dmr  Thickener.— The  200-ft.  Dorr  thickener  is  larger  than 
any  single  unit  ever  installed  and  is,  therefore,  interesting  from  a  mecbao' 
ical  standpoint.  The  thickener  has  not  yet  been  erected  but  at  this  time 
the  designs  are  complete.  It  consists  essentially  of  a  reinforced-concrete 
tank  200  ft.  in  diameter  with  the  bottom  sloping  toward  the  center  and 
having  a  depth  at  the  outside  of  7  ft.  3  in.  The  feed  is  delivered  at  the 
center  of  the  tank  through  a  launder  supported  by  a  107-ft.  steel  truas. 
At  the  center  of  the  tank  is  a  steel  plate  pivot,  18  ft.  high,  upon  which  is 


Fio.  12.— Tailings  Dam. 

mounted  the  drive  drum.  To  this  drum  are  fastened  four  short  rakes 
(two  "24  ft.,  and  two  35  ft.)  and  the  driving  truss,  which  in  turn  carries 
two  long  rakes,  10  ft.  apart  and  100  ft.  in  length.  The  slope  of  the  bottom 
of  the  tank  varies,  it  being  2^q  in.  per  foot  near  the  center,  1%  in.  per 
foot  for  the  short  rakes  and  the  inner  16  ft.  of  the  long  rakes,  and  the 
remainder  1  in.  per  foot.  The  driving  truss  is  completely  submerged 
except  for  the  outer  end,  which  rests  on  a  circular  track  on  the  tank  wall- 
The  driving  mechanism  is  placed  at  the  outer  end  and  consists  of  a  Wip. 
motor  which  is  connected  through  gearing  to  a  single  24-in.  plain-tread 
driver.  Two  similar  wheels  are  placed  10  ft.  on  either  side  of  the  driver 
to  distribute  the  weight.  The  weight  of  the  driving  truss  provides  the 
necessary  traction.     The  thickened  product  is  drawn  off  through  an 
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annular  opening  at  the  center;  and  the  overflow  at  two  diametrically 
opposite  points  on  the  periphery  of  the  tank. 

GENERAL  EQUIPMENT  AND  SUPPLIES 

Water  Supply 

Various  possibilities  were  presented  for  supplying  water  to  this  plant. 
To  insure  a^  supply,  sufficient  ground  and  water  rights  were  early  pur- 
chased at  Wheatfields,  about  12  miles  from  the  mill  site  and  1,000  ft. 
lower  in  elevation.  Before  developing  this  supply,  however,  it  was  de- 
cided to  prospect  on  the  flat  below  the  tailing  storage  site.  Wells  were  sunk 
at  various  points  until  the  best  location  had  been  determined,  which  is 
2)4,  miles  from  the  mill,  430  ft.  lower  and  at  the  junction  of  two  fair- 
sized  drainage  channels,  receiving  their  supply  from  the  Pinal  Mountains 
about  10  miles  away  and  4,000  ft.  higher.  Here  six  wells  have  been  sunk 
and  24-in.  multi-stage  turbine  well  pumps  installed.  These  deliver 
through  wooden  pipe  lines  to  a  common  steel  sump  tank  having  a  capacity 
of  235,000  gal.  Each  well  pump  is  belt-driven  by  a  150-hp.  vertical 
motor  and  delivers  a  maximum  of  1,200  gal.  per  minute.  .  Near  the  sump 
tank  is  located  the  pumping  station  which  contains  six  1,200-gal.  pumps 
delivering  into  a  common  20-in.  pipe  line.  These  pumps  are  horizontal, 
duplex,  double-acting  and  are  direct-driven  through  herringbone  gears 
by  300-hp.  synchronous  motors  taking  current  at  6,600  volts.  Power 
for  the  pumping  station  and  wells  is  supplied  by  the  Inspiration-Inter- 
national power  house.     A  10-ton  crane  serves  all  parts  of  the  building. 

The  20-in.  pipe  line  is  14,600 'ft.  long  with  a  rise  of  520  ft.,  and  delivers 
water  to  the  storage  reservoir  near  the  concentrator.  From  this  reservoir 
water  is  deUvered  to  all  parts  of  the  property.  It  is  located  about  80 
ft.  above  the  concentrator,  1,200  ft.  away  and  has  a  capacity  of  3,000,000 
gal.  An  oval  excavation  about  20  ft.  deep  was  made  in  the  top  of  a  hill 
and  the  sloping  sides  and  bottom  lined  with  concrete.  Two  14-in.  pipe 
lines  deliver  the  water  to  the  concentrator. 

Power  Supply 

Electric  power  is  obtained  from  two  sources.  The  Reclamation  Serv- 
ice of  the  United  States  Government,  from  its  hydro-electric  plant  at  the 
Roosevelt  Dam,  40  miles  away,  furnishes  energy  at  40,000  volts,  25  cycles, 
three-phase. 

In  conjunction  with  the  International  Smelting  Co.,  the  Inspiration 
company  built  a  power  house  that  utilizes  the  waste  heat  from  the  rever- 
beratories  under  one  set  of  boilers.  Another  set  of  boilers,  oil-fired,  is 
also  used  when  the  power  demand  is  greater  than  can  be  supplied  by  the 
waste-heat  boilers  alone.     This  power  house  contains  three  7,500-kva. 
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steam-turbine-driven  generators,  delivering  energy  at  6,600  volts,  25 
cycles,  three-phase;  also  three  15-lb.  reciprocating  blowing  engines,  each 
having  a  capacity  of  16,000  cu.  ft.  of  free  air  per  minute.  The  air  is  for 
the  smelter  use  exclusively,  while  the  electric  energy  is  for  the  mining, 
smelting  and  ore-dressing  plants. 

The  distributing  system  is  so  laid  out  that  any  division  of  the  plant 
can  take  power  from  either  source.  When  available,  the  Reclamation 
power  is  used  for  the  greater  part  of  the  Inspiration  load.  Each  imit  of 
the  plant  has  its  transformer  station  for  stepping  down  the  transmission 
Une  voltage. 

Motors  of  50  hp.  or  greater  are  run  on  2,200  volts,  smaller  motors  on 
440  volts,  and  lighting  circuits  on  110  volts.  Synchronous  motors  are 
used  as  required  to  maintain  a  satisfactory  power  factor. 

Transformer  Stations 

There  are  two  separate  outdoor  transformer  stations,  one  at  the  con- 
centrator and  one  at  the  mine  plant.  These  stations  are  of  rather  un- 
usual design,  being  skeleton-steel  structures.  The  supports  are  of  pipe 
poles  and  the  trusses  between  which  the  busses  are  stretched  are  angle 
lattice  construction. 

As  the  power  from  the  two  sources  is  received  at  different.voltages 
each  station  requires  two  sets  of  transformers.  The  Reclamation  energy 
is  delivered  at  40,000  volts  and  the  power  house  at  6,600  volts,  both  being 
stepped  down  to  2,200  volts  for  distribution  about  the  plant. 

Both  high-tension  transmission  lines  are  in  duplicate  circuits.  The 
incoming  lines  pass  over  electrolytic  Ughtning  arresters  to  electrically 
operated  remote-controlled  circuit-breakers,  then  through  electrically 
operated  remote-controlled  automatic  circuit-breakers  to  the  transform- 
ers. Any  one  transformer  may  be  cut  in  or  out  as  desired,  or  all  at  one 
station  can  work  in  parallel.  At  the  concentrator  there  are  eight  outdoor- 
type,  2,000-kva.,  oil-insulated,  water-cooled,  three-phase  transformers, 
four  on  the  40,000-volt  line  and  four  on  the  6,600-volt  line.  At  the  mine 
there  are  four  similar  transformers,  two  for  each  incoming  line. 

The  2,200-volt  circuits  are  led  from  the  transformers  to  the  distri- 
uting  stations,  the  one  at  the  mine  being  located  in  the  compressor  and 
hoist  house  and  the  one  at  the  concentrator  in  a  separate  building.  Each 
distributing  station  consists  of  a  concrete  cell  structure,  carrying  two 
sets  of  2,200-volt  busbars,  one  for  each  power  line.  This  cell  structure 
also  carries  the  disconnecting  switches,  meter  transformers  and  oil 
switches  as  required  by  the  remote-control  feature  of  the  switchboard. 
In  front  of  the  cells  is  the  switchboard  with  separate  panels  for  the  control 
of  each  incoming  high-tension  line,  each  set  of  transformers  and  each 
outgoing  2,200-volt  circuit.    Wattmeters,  frequency  meters,  and  power- 
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factor  meters,  all  graphic,  and  integrating  watt-hour  meters  are  installed 
for  each  power  supply,  and  ammeters,  watt-hour  meters  and  graphic 
wattmeters  for  each  outgoing  circuit.  Two-throw  oil  switches,  con- 
trolled from  the  switchboard,  make  it  poteible  to  run  any  circuit  on  either 
power,  or  to  disconnect  it  from  both. 

The  transformer  and  distributing  stations,  besides  presenting  an 
attractive  appearance,  are  unusually  complete,  convenient  for  the  atten- 
dant and  provide  the  greatest  possible  safety. 

Shops  and  Railroad  Facilities 

All  shop  work,  except  that  for  the  mine,  is  done  at  the  concentrator 
shops  where  a  complete  equipment  is  installed.  The  equipment  com- 
prises about  30  different  machine  tools,  all  with  individual  motor  drives, 
a  40-ton  electric  crane,  traveling  the  entire  length  of  the  buUding,  the 
necessary  facilities  for  locomotive  repairs,  several  welding  outfits  for 
various  classes  of  work  and  a  forge  shop  equipped  with  both  oil  and  coal 
forges.  The  warehouse  and  electric  shop  and  the  locomotive  roimdhouse 
occupy  opposite  ends  of  the  shop  building.  A  standard-gage  track 
through  the  center  of  the  building  permits  cars  to  be  run  either  into  the 
shop  or  through  the  shops  into  the  warehouse. 

The  shop  level  is  22  ft.  above  the  upper  floor  of  the  concentrator. 
Communication  between  the  two  buildings  is  provided  by  the  inclined 
skipway  which  occupies  onB  end  of  the  concentrator.  This  connects 
with  the  shops  by  a  well  through  which  material  can  be  transferred  either 
into  the  shops  from  the  mill  for  repairs,  or  into  the  mill  from  railroad 
ears. 

The  railroad  facilities  comprise  the  main  line  and  several  spurs,  the 
total  length  being  about  10  miles.  All  equipment  is  standard  gage.  The 
lines  connect  the  several  units  of  the  surface  plant,  except  the  pumping 
plant  and  the  Live  Oak  Division.  These  are  reached  via  the  Arizona 
Eastern.  On  account  of  the  topographical  conditions,  it  was  necessary 
to  use  switchbacks  to  make  the  grade  between  the  Arizona  Eastern  on  the 
flat  and  the  concentrator,  about  400  ft.  higher.  The  switchbacks  provide 
for  handling  six  cars.  The  extremes  of  grade  and  curvature  on  this  line 
are  4.  per  cent,  and  12**  respectively.  The  line  which  connects  the  mine 
and  the  mill  has  a  grade  of  0.3  per  cent,  in  favor  of  the  load. 

The  six-wheel,  side-tank  type  of  locomotive  is  used.  Two  are  used  on 
the  mine  line.  These  have  a  weight  on  the  drivers  when  loaded  of  112,000 
lb.  A  third  locomotive  is  used  on  the  low  line,  which  has  a  corresponding 
weight  of  200,000  lb.;  the  latter  being  equipped  with  a  superheater  and 
Walschaerts'  valve  gears,  oil  burners  being  used  on  all.  The  ore  cars 
are  of  the  Ingoldsby  patent-dump  type,  have  a  capacity  of  60  tons  and 
a  train  length  of  33  ft.  They  are  of  all-steel  construction  and  weigh 
about  22  tons  each. 
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^  Electric  haulage  on  the  mine  division  was  at  one  time  considered,  but 
for  sake  of  uniformity  on  the  several  lines  the  idea  was  abandoned. 

'  CONCLUSION 

The  salient  features  of  the  mine  plant  can  be  summarized  as  follows: 
The  dual  arrangement  of  the  entire  plant;  the  automatic  loading  and 
hoisting  of  ore;  the  application  of  the  elevator  principle  for  handling 
men;  and  the  reduction  of  the  crude  ore  for  mill  treatment  in  two  simple 
stages. 

The  final  product  of  the  plant  is  ore  in  storage  ready  for  mill  treat- 
ment. It  carries  roughly  1^  per  cent,  copper,  mainly  sulphides,  and  has 
been  crushed  to  pass  a  2-in.  opening  of  the  disk  crushers.  The  average 
moisture  content  is  23^  per  cent. 

To  the  mine  summary  can  be  added  the  following  covering  the  re- 
mainder of  the  plant:  A  present  mill  recovery  on  sulphides  of  90  per 
cent.,  or  85  per  cent,  on  the  total  content;  finished  grinding  in  one  machine; 
and  flotation  followed  by  table  concentration. 

Although  the  Inspiration  plant  is  not  quite  the  largest,  it  does  embody 
what  is  today  the  latest  practice  in  the  treatment  of  low-grade  chalcocite 
ores.  In  certain  departments  considerable  pioneering  has  been  done, 
which  has  resulted  in  marked  economies,  advantage  of  which  will  no  doubt 
be  taken  where  similar  conditions  make  them  applicable. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  In  person  at  the 
Ariiona  meeting.  September,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  30  West 
39th  Street,  New  York,  N.  Y..  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  pi4>er  will  close  Nov.  1, 1916.  Any  discussion 
offered  uereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Ore-Drawing  Tests. and  tiie  Resulting  Mining  Method  of  Inspiration 

Consolidated  Copper  Co. 

BT  OEOROE  B.  LEHMAN,  B.  A.,  MI  AMI,  ARIZ. 
(Arisona  Meeting,  September,  1916') 

The  Inspiration  Consolidated  Copper  Co.  had  an  orebody  at  Miami, 
Ariz.,  of  close  to  100,000,000  tons  of  low-grade  copper  ore,  and  the 
method  of  mining  this  ore  most  profitably  was  of  great  importance.  The 
selection  of  a  method  was  practically  limited  to  a  "  top-slicing,"  a  "shrink- 
age-stope"  or  a  "caving"  method.  The  "top-slicing"  method  would 
give  a  high  extraction  of  the  developed  ore,  at  a  high  mining  cost,  and  the 
*'shrinkage-stope"  or  "caving"  methods  a  lower  extraction  of  the 
developed  ore,  at  a  lower  mining  cost. 

Ore-Drawing  Tests 

To  decide  on  the  method  to  be  used  it  was  necessary  to  know  about 
what  extraction  of  the  ore  could  be  obtained  by  the  "shrinkage-stope" 
or  "  caving"  methods.  As  no  definite  information  regarding  the  question 
was  available  at  the  time,  C.  E.  Mills,  the  general  manager,  thought  that 
some  information  could  be  obtained  by  experimenting  in  drawing  ore, 
covered  with  capping,  from  an  experimental  box.  .  Some  work  had  already 
been  done  along  these  lines  by  W.  C.  Browning  for  the  Inspiration  Cop- 
per Co.  and  by  myself  for  the  Live  Oak  Development  Co. 

The  idea  was  to  represent  as  nearly  as  possible,  in  the  experimental 
box,  the  conditions  within  an  area  of  caved  stopes  of  caved  ore  all  ready 
for  drawing.  That  is,  the  area  was  supposed  to  represent  a  semibroken 
mass  with  the  capping  above  it  in  the  same  condition  and  ready  to  follow 
the  ore  downward  as  it  was  drawn  out  of  the  chutes  under  the  ore.  To 
represent  the  above  condition,  in  the  experimental  box,  crushed  ore  from 
the  mine  was  placed  in  it  to  a  given  height,  and  red  barren  capping  from 
the  mine  was  placed  on  top  of  the  ore. 

The  Experimental  Box 

The  experimental  box  shown  in  Fig.  1  was  made  of  wood  and  glass. 
The  glass  was  used  for  the  sides  so  that  the  drawing  action  of  the  outside 
row  of  chutes  could  be  seen  and  noted,  the  latter  being  cut  in  the  center 
by  the  glass  sides.    The  length  of  the  box  was  30  in.,  width  20  in.  and  the 
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height  25  in.,  and  built  to  a  scale  of  1  in.  =  5  ft.,  the  box  represented  an 
area  of  150  by  100  ft.  and  a  height  of  125  ft.  within  the  mine.  The  box, 
as  shown  in  Fig.  1,  was  divided  in  the  center  and  only  half  wae  used  for 
each  teat.  The  bottom  was  bored  with  3^-in.  holes,  representing  chutes, 
ly^  in.  center  to  center,  thus  indicating  chutes  of  23^  ft.  diameter  spaced 
on  6J-^-ft,  centers  according  to  the  scale.  Thus  the  ore  could  be  repre- 
sented as  drawn  at  either  6?^,  SJ4,  or  12!^-ft.  chute  intervals.  The  holes 
were  fitted  with  wooden  plugs  through  which  wire  nails  were  driven,  so 


Fta  1. — ExPEBiMBNTAL  Box  Filled  with  Crdshed  Okb  ahd  CAppraa;  Drawn 
THBOUGH  HoLEB  IN  THE  BoTTOU  RspBESENTiNa  Obh  Chutbs.  Scale,  I  In.  of  Box 
—5  Ft.  OF  Mine. 

that  when  the  plugs  were  in  place  the  heads  of  the  nails  projected  just 
the  least  bit  above  the  inner  bottom  of  the  box.  The  nail  was  used  to 
clear  the  chute  when  it  "hung  up." 

Conditione  of  Tests 

In  all,  16  tests  or  experiments  were  made  in  a  period  of  6  months  beffn- 
ning  in  the  latter  part  of  the  year  1913.  In  all  the  tefita  the  rock  repre- 
senting capping  was  nearly  barren,  containing  only  from  0.03  per  cent, 
to  0.08  per  cent,  copper.  The  color  of  the  capping  was  a  dark  red  and 
that  of  the  ore  a  hght  gray,  thus  giving  a  sharp  and  definite  hne  between 
them,  as  clearly  seen  in  Fig.  1. 

In  the  first  two  experiments,  weights  and  assays  were  not  used.    The 
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ore  in  the  box  and  products  drawn  from  the  chutes  were  measured  by 
volume.  They  were  run  to  get  an  idea,  in  a  short  time,  of  what  could 
be  done.  In  all  the  other  tests  the  ore  was  weighed,  sampled  and  assayed 
for  copper,  as  were  the  chute  products  drawn  during  the  test. 

Tests  Nos.  3  and  4  were  made  with  fine  and  coarse  ore  mixed,  the 
capping  being  a  similar  mixture  of  coarse  and  fine  material.  The  con- 
ditions of  test  No.  3  represented  35  ft.  of  ore  and  35  ft.  of  "capping" 
and  those  of  test  No.  4  represented  70  ft.  of  ore  and  55  ft.  of  capping. 
Both  tests  were  drawn  at  the  closest  chute  interval,  63^  ft.  In  both  tests 
ore  was  drawn  from  one  chute  equivalent  to  about  10  tons,  on  the  scale 
adopted,  and  then  10  tons  from  the  next  chute,  and  so  on  until  10  tons  had 
been  drawn  from  each  chute.  The  drawing  of  all  the  chutes  was  then  re- 
peated, 10  tons  at  a  time,  imtil  capping  appeared  in  each  chute.  The  total 
chute-drawings  product  was  then  weighed,  sampled,  assayed  and  called 
the  clean-ore  product.  Drawing  was  then  continued  as  before  until  each 
chute  showed  that  it  was  running  one-quarter  capping.  To  determine 
this  point,  a  sample  mixture  was  kept  in  a  test-tube  and  the  chute  product 
compared  with  it.  This  product  was  then  weighed,  sampled  and  assayed. 
Again  the  drawing  continued  until  each  chute  showed  about  one-half 
capping.  This  point  was  also  determined  by  comparing  with  a  sample 
mixture  and  this  product  also  weighed,  sampled  and  assayed.  The  tests 
were  concluded  by  drawing  10  tons  from  each  chute  in  rotation,  weighing, 
sampling  and  assaying  the  product.  The  assay  value  for  the  combined 
products  of  the  tests  was  calculated,  as  the  portions  removed  for  assay 
could  not  be  returned.     Details  of  test  No.  3  are  given  in  Table  1. 

Table  1.— Details  of  Test  No.  3 

Weights  and  assays — 35  ft.  of  ore  and  35  ft.  of  capping. 

Ore  and  capping — coarse  and  fine  mixed. 

Largest  boulder — 1  ft.  diameter. 

Smallest  particle — ^powder. 

Drawn  at  6Ji-ft.  centers — 10  tons  at  one  drawing. 


Ore  in  box  127.50  lb. 
Capping 


,  1.96  per  cent,  copper 
0.08  per  cent,  copper 


Products 


(1)  Drawn  clean  to  capping 

(2)  Drawn  clean  to  H  capping. 

(3)  Drawn  dean  to  H  capping 

(4)  Drawn  10  tons  each  chute.. 


Totals  and  average. 


10 


Pounda 


81.00 
8.50 
8.50 

11.00 


109.00 


Per    Cent. 


63.52 
6.67 
6.67 
8.62 


85.48 


Per  Cent."Cu 


1.96 
1.36 
1.10 
0.79 


1.74 
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Table  1. — Details  of  Test  No.  3  {Coniintied) 


Products 


Per  Cent. 
Total 


Grade,  Per 
Cent.  Copper 


Product 


Per  Cent.  Ore 


Per  Cent. 
Capping 


Per  Cent. 
Total  Cu 
RccoTcred 


Clean  ore (1) 

Ore  and  capping  (2) 
Ore (3) 


71.68 


Estimate  Applied  to  above  Figures  to  Find  Final  Product  of  1  Per  Cent.  Copper 

and  Applied  to  Ores  Below 


Grade.  Per 
Cent.  Copper 


Extraction,  Per 
Cent,  of  Total 


Grade  of  Product, 

Per  Cent. 

Copper 


Per  Cent,  of  Total 


Ore 


2.00 
1.90 
1.80 

1.70 
1.60 
1.50 
1.40 
1.30 
1.20 


79.500 
78.340 
77.180 
75.490 
73.490 
71.490 
69.290 
67.290 
65.290 


1.842 
1.763 
1.681 
1.605 
1.529 
1.449 
1.367 
1.283 
1.195 


72.96 
72.44 
71.84 
71.07 
70.06 
68.92 
67.54 
66.35 
65.02 


Capping 

6.54 
5.90 
5.34 
4.42 
3.43 
2.57 
1.75 
0.94 
0.27 


Per  Cent,  of  Product 


Ore 

91.77 
92.47 
93.08 
94.14 
95.33 
96.41 
97.48 
98.61 
99.58 


Capping 
8.23 

7.53 
6.92 
5.86 
4.67 
3.59 
2.52 
1.39 
0.42 


Above  Applied  to  Mining — 25  Per  Cent,  by  Development. 


2.00 

84.625 

'   1.889 

79.81 

4.81 

94.31 

5:69 

1:90 

83 . 755 

1.804 

79.41 

4.35 

94.81 

5.19 

1.80 

82 . 885 

1.717 

78.95 

3.93 

95.26 

4.74 

1.70 

81.617 

1.634 

78.35 

3.26 

96.00 

4.00 

1.60 

80.117 

1.551 

77.59 

2.53 

96.84 

3.16 

1.50 

78.617 

1.465 

76.72 

1.89 

97.59  , 

2.41 

1.40 

77.117 

1.378 

75.86 

1.26 

98.37  . 

1.63 

1.30 

75.467 

1.289 

74.80 

0.66 

99.12 

0.88 

1.20 

73 . 967 

1.197 

73.78 

0.19 

99.74 

0.26 

Besides  estimating  the  extractions  for  different  grades  of  ore,  based 
on  the  experiments,  the  extractions  for  different  grades  of  ore  applied 
to  mining  were  calculated,  as  shown  in  the  lower  part  of  Table  1,  assuming 
25  per  cent,  of  the  ore  extracted  by  development  and  other  work  before 
the  ore  caves,  when  mining  35  ft.  of  ore,  and  15  per  cent,  when  mining 
70  ft.  of  ore.  For  each  grade,  1  per  cent,  copper  was  taken  as  the  limit 
of  commercial  product.  This  point  had  to  be  interpolated  from  the 
product  just  above  1  per  cent,  and  the  product  just  below  1  per  cent. 
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This  way  of  estimating  the  resiilts  possible  in  mining  a  1.80  per  cent, 
copper  ore,  according  to  test  No.  3  indicates  a  total  extraction  of  82.88 
per  cent,  of  1.72  per  cent,  ore,  78.95  per  cent,  of  which  was  original  ore, 
the  chute  product  being  95.26  per  cent,  ore  and  4.74  per  cent,  capping. 

In  the  next  two  tests,  Nos.  5  and  6,  the  fines  were  screened  out  of  the 
ore  and  capping,  making  both  ore  and  capping  represent  on  the  scale  of 
1  in.  =  5  ft.,  coarse  chunks  of  4  to  12  in.  diameter.  The  chute  interval 
and  method  of  drawing  were  the  same  as  in  tests  Nos.  3  and  4.  Test 
No.  5  represented  drawing  35  ft.  of  ore  and  test  No.  6  represented  70  ft.  of 
ore.  Compared  with  tests  Nos.  3  and  4,  as  shown  in  Table  2,  both  tests 
show  higher  extractions. 

Tests  Nos.  7  and  8  were  duplicates  of  5  and  6  except  that  the  chute 
interval  was  8%  ft.  instead  of  6)-:^  ft.  These  two  tests  show  lower 
extractions  than  Nos.  5  and  6. 

Tests  Nos.  11  and  10  were  the  same  as  Nos.  5,  6,  7  and  8  except  that 
the  chute  interval  was  123^  ft.  As  will  be  noted  in  Table  2,  still  lower 
extractions  were  obtained  with  these  two  tests,  showing  conclusively  that 
the  greater  the  distance  between  chutes  the  less  the  ore  extraction. 

To  determine  the  effect  on  extraction  if  no  care  is  taken  as  to  the 
amount  drawn  at  one  time,  two  tests,  Nos.  12  and  13,  were  run.  They 
were  both  made  with  conditions  representing  35  ft.  of  ore  and  35  ft.  of 
capping,  drawn  at  a  chute  interval  of  8%  ft.  In  these  two  tests  each 
chute  was  drawn  direct  to  capping  in  rotation,  then  direct  to  one-fourth 
capping  and  then  direct  to  one-half  capping.  Comparing  these  two 
tests  with  No.  7,  with  which  all  conditions  were  identical,  except  the 
method  of  drawing,  it  was  found  that  in  No.  7  a  greater  extraction  of 
clean  ore,  before  capping  appeared,  was  obtained,  but  that  in  Nos.  12 
and  13  a  greater  total  extraction  was  obtained  to  the  Umit  of  1  per  cent, 
copper,  as  shown  in  Table  2. 

Tests  Nos.  14,  15  and  16  were  special  experiments  made  with  condi- 
tions representing  a  chute  interval  of  SJ^i  ft.  and  the  colimin  of  ore 
35  ft.  In  No.  14  the  ore  was  coarse,  12  to  30  in.  diameter,  and  the  capping 
fine;  a  low  extraction  was  obtained.  Test  No.  15  was  the  reverse  of  No. 
14,  the  ore  was  fine  and  the  capping  coarse;  the  extraction  was  but  very 
little  higher  than  in  No.  14.  The  last  test,  No.  16,  was  made  with  con- 
ditions representing  both  ore  and  capping  fine.  This  apparently  was 
the  worst  condition,  the  extraction  being  very  low. 

Conclusions  Derived  from  Experiments 

The  conclusions  derived  from  the  experiments  were  as  follows:  (1)  The 
less  the  distance  between  chute  centers,  the  greater  the  extraction;  (2)  the 
higher  the  ore  colunm,  the  greater  the  extraction;  (3)  the  less  the  amount 
drawn  at  a  time  from  each  chute,  uniformly,  the  greater  the  extraction 
of  clean  ore  before  the  capping  appeared,  but  not  the  greater  the  total 
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extraction  to  a  1  per  cent,  copper  final  product;  (4)  the  coarser  the  ore  and 
capping  without  fines,  the  greater  the  extraction;  (5)  the  higher  the  grade 
of  ore,  the  greater  the  extraction,  when  a  uniforn  limit  of  grade  is  allowed 
at  the  end  of  the  chute  drawing.  (6)  Applied  to  mining,  the  results  of 
the  experiments  indicate  that  the  greater  the  amount  extracted  by  de- 
velopment and  undercutting,  the  greater  will  be  the  total  extraction. 
This  is  on  the  assumption  that  when  the  ore  caves  it  occupies  the  same 
volume  as  in  place. 

Some  suggestions  deduced  from  these  experiments  considered  desir- 
able to  carry  out  in  mining  were:  (1)  Chute  centers  for  drawing  caved  ore 
sho\ild  be  as  near  together  as  the  ground  will  allow;  (2)  ore  should  be  caved 
in  as  high  columns  as  practicable;  (3)  when  capping  appears  at  the  chutes, 
no  more  should  be  drawn  unless  the  bottom  slice  is  being  mined. 

While  all  of  the  tests  described  were  made  with  a  barren  capping, 
in  the  actual  mining  of  a  sulphide  orebody  having  mixed  or  oxidized  ore 
over  it  in  place  of  barren-  capping,  the  recovery  of  sulphide  ore  would  be 
considerably  increased  over  the  experimental  results,  provided  the  mixed 
or  oxidized  ore  could  be  treated  at  a  profit. 

In  deciding  what  extraction  could  be  expected  by  caving  from  35  ft. 
to  70  ft.  of  ore  in  average  caving  ground,  the  results  obtained  in  tests 
Nos.  10  and  11,  as  detailed  in  Table  2,  were  considered  conservative,  pro- 
vided the  chutes  were  closely  watched  and  ore  of  below  the  commercial 
limit  not  drawn.  If  the  ground  under  the  caved  ore,  the  location  for 
raises  and  chutes,  is  hard  and  strong,  results  of  tests  Nos.  7  and  8  could 
be  taken  as  obtainable.  This  opinion  is  based  on  the  supposition  that 
the  capping  will  break  up  in  about  the  same  way  as  the  ore  and  not 
into  a  fine  powdery  sand. 

Method  of  Mining 

The  Inspiration  company's  method  of  mining  is  one  of  the  so-called 
Caving  systems  whereby  the  ore  is  caused  to  cave  and  crush  itself,  thus 
reducing  to  a  minimum  the  blasting  and  handling.  It  is  a  modification 
of  the  method  introduced  by  Felix  McDonald  at  the  Ohio  Copper  Co.'fl 
mines  in  Utah,  and  was  put  into  operation  at  the  Inspiration  under  hifl 
supervision.  The  method  consists,  essentially,  of  undercutting  the  ore 
(taking  out  a  horizontal  slice),  allowing  the  ore  above  to  cave  and  crush, 
and  drawing  off  the  crushed  ore  through  small  inclined  raises  driven 
imder  the  caved  ore,  into  main  inclined  raises  that  lead  down  to  the 
haulage-drift  chutes. 

Preliminary  Development  Work 

By  referring  to  the  accompanying  illustrations  showing  the  progress- 
ive steps  of  mine'  development,  a  good  understanding  of  the  method  will 
be  obtained- 
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After  shafts  have  been  sunk,  the  haulage  drifts  are  driven  imder  the 
ore  of  the  section  or  sections  to  be  mined  at  intervals  of  100  ft.  as  shown 
in  Fig.  2.  These  drifts  .are  of  large  size,  being  9  ft.  wide  at  the  base  of 
the  rails,  7J^  ft.  wide  at  the  cap,  and  7)-^  ft.  high  above  the  rail  base. 
Where  timbered,  the  above' refer  to  inside  timber  dimensions. 

After  the  haulage  drifts  are  in,  or  during  their  driving,  "pony"  sets 
are  put  up  every  25  ft.  along  the  drifts.  The  "pony"  set  is  about  5  ft. 
Ugh,  placed  on  top  of  the  regular  drift  set  and  is  the  place  from  which  the 
car  loaders  operate  the  chute  gates  discharging  into  the  haulage  cars. 

Inclined  raises  are  then  started  from  the  "pony"  sets  at  an  inclina* 
tion  of  from  50**  to  54**,  depending  on  whether  the  sublevels  are-  to  be 
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SECTION  THROUGH  RAISES  A-A  PLAN  SUB   9H 

Fig,  2. — Preliminary  Developbient  Undertaken  by  Drivinq  Inclined  Raises 

FROM  Haulage-Level  Drifts. 


30  or  35  ft.  vertically  apart,  in  a  plane  at  right  angles  to  the  haulage 
drifts.  When  these  raises  are  up  from  10  to  15  ft.,  chutes  are  built  at 
the  "pony"  sets  and  ore  gates  of  steel  are  installed. 

The  raises  are  then  advanced  until  the  first  sublevel  is  reached. 
"Sub"  drifts  are  then  started,  from  the  first  raises  to  reach  the  required 
level,  and  are  driven  parallel  to  the  haulage  drifts.  These  drifts  break 
into  the  other  raises  every  25  ft.,  as  they  advance,  thus  cutting  down  the 
cost  of  handling  the  drift  "muck."  The  raises  are  then  again  advanced 
to  the  next  sublevel  where  drifting  is  to  start.  The  drifts  on  this  level 
are  then  driven,  meeting  the  raises  as  they  advance.  All  of  these  devel- 
opment raises  are  about  4  ft.  in  diameter,  and  the  subdrifts  6  by  7  ft. 

This  method  of  raising  and  sublevel  drifting  is  continued  until  the 
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height  is  reached  where  the  first  undercut  is  to  be  madei  and  the  drifts 
are  driven  as  before. 

The  first  undercut  sublevel  will  be  located  below  the  top  of  the  ore, 
at  about  the  height  at  which  it  is  intended  to  cave.  When  the  prelimi- 
nary development  is  finished,  the  sublevel  drifts  on  the  first  undercut- 
ting level  are  50  ft.  apart,  as  they  are  on  the  "sub"  just  below,  as  shown 
in  Fig.  2.  On  all  the  "subs"  below,  the  drifts  are  100  ft.  apart.  All 
the  drifts  on  each  "sub"  are  also  connected  with  inclined  raises  every 
25  ft.  Cross  drifts,  connecting  all  the  drifts  on  each  "sub,"  are  also 
driven  at  intervals  of  about  150  ft. 

The  next  work,  before  undercutting  is  commenced,  is  to  drive  on  the 
level  to  be  undercut  other  "sub"  drifts,  between  and  parallel  to  those 
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SECTION  THROUGH  RAISES  A-A  ^^*^  ^"®    *^ 

Fig.  3. — Preceding  Undercutting,  the  Topmost  Level  ib  Developed  bt 
Dmrrs  Spaced  on  25-Ft.  Centers  and  Ck)NNECTED  with  the  Branch,  or  "Finoeb 
Raises." 

already  driven,  as  best  shown  by  Rg.  3,  making  the  drifts  on  this  "sub" 
25  ft.  center  to  center.  These  drifts,  as  they  advance,  meet  branch  raises 
of  the  main  inclined  raises  at  123^-  or  25-ft.  intervals  as  desired.  These 
small  branch  raises,  shown  in  Fig.  4,  are  called  "finger  raises,"  many  of 
which  are  put  up  just  before  or  ahead  of  the  undercutting  operations. 

Undercutting 

Undercutting  the  ore  is  accomplished  by  starting  at  a  qross  drift,  on 
the  boundary  of  the  section  to  be  mined,  and  in  retreating  from  that  cross 
drift,  as  best  shown  in  the  plan  of  Fig.  5,  drilling  deep  holes,  at  nearly 
right  angles  to  the  drifts,  into  the  pillars  between  them,  and  blasting  out 
the  ground.     Three  holes  are  drilled  in  each  side  at  different  angles  in 
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the  same  vertical  plane,  with  one  hole  in  the  back  of  the  drifts,  thus  mak- 
ing seven  holes  to  the  round.  For  this  work  a  water-hammer  one-man 
drill  with  lai^  steel  is  used.  The  holes  are  from  8  to  10  ft.  in  depth. 
Usually  the  rounds  are  blasted  one  at  a  time,  the  imdercutting  receding 
from  the  caved  ground. 
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Ore  from  the  undercut  is  drawn  through  the"  finger  raJBes,"  in  each  of 
which  has  been  built  an  ordinary  board  chute  to  control  the  drawing. 
The  "finger-raise"  chutes  are  located  about  4  or  5  ft.  below  the  sublevel, 
BO  that  they  will  not  be  blasted  in  shooting  the  undercutting  holes. 

While  in  some  ground,  the  ore  begins  to  cave  as  soon  as  it  is  undercut, 
in  hard  ground  caving  does  not  start  until  the  undercutting  has  receded 
a  considerable  distance. 
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Ore  Drawing 

After  the  ore  caves  it  is  drawn  off  as  desired.  Large  boulders  that 
will  not  pass  the  raise  chutes  are  blasted.  In  drawing  off  the  ore,  the 
chute  "tappers"  work  in  pairs.  One  "tapper"  goes  up  a  raise,  from  the 
"grizzly  sub,"  which  is  the  first  "sub"  below  the  undercutting  levd, 
opens  a  chute  gate  and  draws  the  ore,  while  the  other  "tapper"  works 
the  ore  through  the  grizzly  on  the  "sub"  below. 

All  grizzhes  have  about  1-ft.  openings  and  are  made  of  timber  or 
steel  rails.  They  are  placed  over  all  raises  on  the  "grizzly  sub"  and  are 
set  at  right  angles  to  the  drift.  Pieces  of  ore  too  large  to  pass  the  grizzly 
are  broken  with  an  8-lb.  hammer  by  the  "tapper"  tending  the  grizzly. 

UNDERCUTTING  AND  CAVING 


SECTION  THR0U8M  RAISES   A-A 


After  passing  the  grizzlies,  the  ore  falls  into  the  main  raises  and  down 
to  the  haulage-drift  chutes  where  it  is  loaded  into  S-ton  cars  and  hauled 
in  trains,  of  15  to  20  cars,  to  the  shaft  bins. 

The  second  undercut  can  be  located  at  one,  or  any  number  of  sub- 
levels  below  the  first  undercut,  according  to  the  height  of  ore  which  it  is 
desired  to  cave. .  It  could  be  located  at  the  bottom  of  the  ore  if  desired. 
In  fact,  the  first  undercut  could  be  located  at  the  bottom  of  the  ore  if  it 
were  known  that  the  orebody  to  be  mined  could  be  caved  throughout 
its  total  height. 

Underground  Haulage  and  Hoisting  Arrafigementa 
At  the  Inspiration  mine  the  ore  trains  are  hauled  by  compressed-air 
locomotives  built  by  the  H.  K.  Porter  Co.  of  Pittsburgh.    Arrived  at  the 
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shafts  the  cars  are  tippled  into  the  shaft  bins  by  barrelnshaped  tipplea, 
five  cars  at  a  time.  From  the  shaft  bins  the  ore  ii^  loaded  automatically 
into  123^-ton  skips  and  hoisted  by  electrically  driven  automatic  hoists 
to  the  steel  bins  on  the  surface. 

For  hoisting  ore^  two  main  shafts  101  ft.  apart  are  used.  Both  shafts 
have  three  compartments,  of  which  two  in  each  shaft  are  skipways.  The 
third  compartment  in  one  shaft  contains  the  ladderway,  pip^s  and  electric 
^  conduitS;  while  in  the  other  shaft  the  third  compartment  contains  an 
Otis  double-deck  elevator  for  hoisting  and  lowering  men.  Both  ahafte, 
the  underground  bins,  and  the  stations  are  all  lined  with  reinforced 
concrete. 

Only  two  levels  are  used  for  hauling  ore,  the  4th  and  6th.  The  vertical 
distance  between  these  two  levels  is  130  ft.  A  good  idea  of  the  arrange- 
ment of  the  mine  is  obtained  from  Fig.  6.  On  the  6th  level  the  shafts 
are  connected  by  two  drifts,  one  for  each  shaft.  In  each  drift  there  is 
a  tipple  over  the  bin  at  the  shaft.  The  arrangement  of  the  drifts,  bins, 
tipples  and  stations  is  symmetrical  with  a  center  line  between  the  two 
shafts  so  that  the  tipples  are  operated  by  one  man  from  a  central 
location. 

On  the  4th  level  one  double-track  drift  passes  between  the  two  shafts 
and  is  connected  to  the  shaft  stations  by  a  small  cross  drift.  The  ore  is 
dumped  by  one  tipple,  on  this  level,  into  a  small  bin  which  is  connected 
with  the  6th  level  bins  by  a  concrete-lined  inclined  raise.  This  arrange- 
ment makes  necessary  only  one  loading  levd  for  the  skips. 

The  Inspiration  Consolidated  Copper  Co.  commenced  underground 
development  on  a  large  scale  toward  the  latter  part  of  1913  but  did  not 
start  regular  mining  operations  until  August,  1915.  The  tonnage 
mined  gradually  increased  as  the  concentrator  was  able  to  handle  it  until 
at  present  (June,  1916)  an  average  tonnage  of  16,700  tons  is  being  mined 
daily. 

The  cost  of  mining  is  now  60  c.  per  ton,  including  20  c.  for  development 
and  all  fixed  charges. 

The  percentage  of  ore  and  copper  extraction  obtained  by  the  Inspira- 
tion method  cannot  be  determined  positively  until  some  section  has  been 
entirely  mined  from  top  to  bottom  of  the  ore.  But  based  on  results  in 
six  sections  of  the  mine  from  the  first  undercut  to  the  capping  estimated 
to  contain  1,886,450  tons,  and  which  have  been  almost  completely 
drawn  to  capping,  the  ore  extraction  is  102.44  per  cent,  and  the  recovery 
of  copper  86.52  per  cent.  The  second  undercut  is  expected  to  increase 
the  copper  recovery. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Ariion*  meeting,  September,  1016.  when  sn  abstraot  of  the  paper  will  be  read.  If  this  is  im- 
possible, then  disousnon  in  writing  may  be  sent  to  the  Editor,  Amenoan  Institute  of  iMininc  Engineers. 
29  West  30th  Street,  New  York.  N.  Y.^  for  presentation  by  the  Secretary  or  othet  repreeentative  of 
its  author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  eloee  Nov.  1,  1916. 
Any  discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Block  Method  of  Top  Slicing  of  the  Miami  Copper  Co. 

BT  B.   G.   DBANEy*  B.   B.,  B.   M.,   MIAMI,   ARIZ. 
(Arisona  Meeting,  September,  1016) 

A  METHOD  of  top  slicing  has  been  devised  at  the  Miami  Copper  Co.'s 
mine  at  Miami,  Ariz.,  which  differs  radically  in  some  ways  from  the  cus- 
tomary methods  of  top  slicing. 

The  area  of  that  section  of  the  orebody  in  which  top  slicing  is  used  is 
about  800  ft.  square.  The  ore,  while  for  the  most  part  soft,  is,  neverthe- 
less, considerably  harder  than  the  capping.  The  latter  is  siliceous,  seldom 
containing  any  clay  or  other  binding  material,  and  breaks  into  fine  par- 
ticles so  that  it  runs  like  sand  if  given  the  opportunity.  Because  of  these 
facts,  and  because  the  ore  is  above  the  average  grade  of  the  mine  ore,  it 
has  been  mined  by  top  sUcing. 

Haulage  levels  are  opened  up  150  ft.  apart,  vertically,  with  two  sub- 
levels  between  at  50-ft.  intervals,  to  facilitate  the  building  of  ore  chutes. 
These  sublevels  are  used  during  slicing  for  distributing  air  in  the  ventila- 
tion system.  On  the  haulage  level  the  drifts  are  spaced  on  50-ft.  centers, 
and  raises  along  these  drifts  are  also  spaced  on  50-ft.  centers,  except  the 
incline  raises  as  hereafter  noted.  The  raises  are  cribbed  where  necessary. 
Where  the  wear  will  be  excessive,  J^-in.  iron  plates  are  spiked  to  the  top 
of  every  third  set  of  cribbing,  for  its  protection. 

When  top  slicing  was  first  used,  an  attempt  was  made  to  carry  a 
slicing  face  from  fifty  to  several  hundred  feet  long.  Timber  and  other  sup- 
plies were  brought  in  through  long  drifts  from  an  auxiliary  shaft.  Great 
difficulty  was  experienced  in  keeping  these  drifts  open,  the  side  pressure 
breaking  the  posts  and  the  top  weight  breaking  both  caps  and  posts. 
Furthermore,  the  men  could  not  work  eflBciently  while  these  drifts  were 
being  repaired.  The  slicing  faces  advanced  irregularly,  due  to  varying 
conditions,  and  in  many  ways  the  results  were  not  all  that  could  be  de- 
sired. It  was  then  decided  to  divide  the  slicing  area  into  blocks  200  ft. 
square  and  this  was  later  changed  to  250  ft.  square. 

At  the  center  of  each  block  a  two-compartment  raise  is  put  up  as  a 
supply  raise,  the  compartment  being  2  ft.  6  in.  and  4  ft.  by  4  ft.  4  in.,  the 
smaller  being  used  as  a  manway.    Station  sets  of  12  by  12  timber  with 
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9-  or  lO-ft.  posts  are  put  in  and  an  Ingersoll  stretcher  bar  air  hoist  is 
mounted  above  the  larger  raise  compartment  to  use  in  hoisting  the  timber, 
steel,  etc.  Four  bulkheads,  built  solidly  of  blocks  of  square  timber,  are 
put  in  as  shown  in  Fig.  1.  Two  of  these  are  7  by  11  ft.  in  size,  and  the 
other  two  7  by  7  ft. 

Two  drifts,  usually  untimbered  at  first,  are  run  out  100  ft.  on  the  long 
axis  of  the  supply  raise.     At  the  end  of  each  of  these  and  at  right  angles 
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to  tlioni,  two  drifts  arc  run  125  ft,  to  the  Idock  lii^iits.  When  these  limits 
arc  roachod,  slices  arc  started  toward  the  corners  of  the  block.  These 
slices  are  timlwred  either  with  single  sets  consisting  of  two  8-ft,  posts  ami 
a  12-ft.  cap,  or  with  a  double  set  coii-sisting  of  three  8-ft.  posts  and  two 
7-ft.  cai)s,  depending  upon  the  ground.  The  ore  is  taken  to  the  floor 
above. 
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As  soon  as  the  first  slices  have  advanced  a  few  feet^  second  and  third 
slices  are  started,  and  also  first  slices  toward  the  centers  of  the  block  limits. 
Every  man  who  can  work  to  advantage  is  put  on  and  the  ore  mined  with 
the  greatest  possible  speed. 

Where  there  is  a  sufficient  mat  of  old  timbers  in  the  back  to  obviate 
the  danger  of  the  capping  running  into  the  ore  there  is  no  permanent 
floor  laid,  the  planks  used  in  shoveling  and  wheeling  the  ore  being  taken 
up  later.  Where  there  is  no  mat  or  it  is  not  sufficient,  a  floor  of  2-in. 
plank  spiked  to  2  by,  10  sills  is  laid.  Formerly  5  by  10  and  4  by  8  sills 
were  used,  but  it  was  found  that  after  being  subjected  to  the  pressure  and 
heat  of  a  completed  stope,  a  5  by  10  or  4  by  8  sill  seemed  to  have  practic- 
ally no  more  strength  than  a  2  by  10. 

As  soon  as  the  timbers  in  the  slices  show  signs  of  taking  weight,  bulk- 
heads are  built  of  old  timbers,  obtained  either  from  the  mat  in  the  back, 
or  from  repair  work  in  other  parts  of  the  mine.  As  soon  as  possible,  the 
poets  are  drilled  and  the  slices  shot  down. 

By  the  time  slicing  has  started,  four  drifts  have  been  run  to  the  centers 
of  the  sides  of  the  blocks  as  shown  in  Fig.  2  and  slicing  is  also  done  from 
these.  ^Working  as  intensively  as  possible,  all  ore  except  the  four  central 
pillars  is  quickly  mined  out  as  shown  in  the  series  of  illustrations.  As 
about  the  last  of  this  ore  is  being  taken,  crosscuts  are  driven  to  incline 
raises,  put  up  to  about  the  center  of  the  four  central  pillars,  as  shown  in 
Fig.  3,  and  slicing  continues,  working  from  the  outside  of  the  remaining 
ore  to  the  supply-raise  bulkheads  first  put  up  as  shown  in  Fig.  1,  thus 
completing  the  stope.  By  this  time,  these  bulkheads,  which  were  10  ft. 
high  when  put  in,  have  squeezed  to  from  4  to  6  ft.  in  height.  Upon  com- 
pletion, the  stope  is  shot  down  and  another  may  then  be  started  below, 
though  it  is  best  to  let  the  ground  settle  for  a  few  weeks. 

At  first  thought  the  criticism  suggests  itself  that  with  such  weight 
the  mining  method  used  intensifies  this  weight  as  the  block  approaches 
completion.  But  experience  has  shown  that,  as  a  rule,  the  maximum 
weight  is  taken  by  the  timbers  at  about  the  time  the  outside  pillars  are 
completed,  and  as  mining  progresses  a  larger  proportion  of  the  weight 
is  taken  by  the  bulkheads  in  the  outside  slices.  At  no  time  does  the 
weight  on  the  remaining  ore  and  the  slices  still  necessarily  open  get 
beyond  control.  These  central  pillars  constitute  our  cheapest  ore,  not 
only  because  of  the  pillar  raises  but  because  the  ground  has  been  frac- 
tured by  the  weight,  and  lifters  are  the  only  holes  necessary  to  break 
the  face. 

All  drilling  is  done  with  plugger  machines,  using  a  water  spray 
attached  to  a  5-gal.  can.  No  cars  are  used  in  the  slices,  all  ore  being 
shoveled  directly  into  the  chutes  or  wheeled  in  barrows.  Round  timber 
is  used  almost  exclusively  in  the  stopes,  because  of  its  superior  strength. 

Ten  feet  has  been  taken  as  the  stand^erd  height  of  a  slice.     If  a  greater 
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height  is  taken  the  ore  sloughs  off  the  top  of  the  slicing  face  faster  than 
it  can  be  mucked  out  and  the  bottom  shot,  thus  shortly  caving  (he  dice. 
It  is  possible  that  later,  when  a  good  mat  has  been  formed,  sublevel 
caving  may  be  used,  but  so  far,  where  tried,  it  has  not  been  successful. 

The  ventilation  of  these  slice  blocks  is  very  important  because,  with- 
out it,  the  heat  coming  out  of  the  mat  is  excessive  and  prevents  efficient 
Work.  It  is  accomplished  by  connecting  one  of  the  sublevels  bdow  the 
slicing  floor  with  the  discharge  end  of  a  60,000-cu.  ft.  fan.  Openings 
are' maintained  from  the  sublevel  to  raises  through  which  it  is  desired  to 
force  air. 

As  a  result  of  the  change  to  the  block  method  of  slicing,  and  to  using 
forced  ventilation,  the  production  per  mucker-shift  has  been  raised  from 
9  to  20  tons,  the  production  per  man-shift  from  6  to  10  tons. 

While  the  details  of  this  method  have  been  fully  worked  out  and  a 
large  tonnage  of  ore  has  abeady  been  extracted  by  its  use,  the  work  to 
date  has  to  a  large  extent  been  preparatory  to  systematic  work  for  lower 
lifts.  It  is  not  possible  to  give  representative  costs,  but  the  following 
is  an  estimate  of  what  is  expected: 

Mining  Costs  per  Ton 

Preliminary  development $0,035 

Haulage  development ^ 0. 026   ' 

Other  development  (raises,  etc.) 0. 080 

Total  development $0,140 

Stope  Costs: 

Miners,  at  $3.75 0.080 

Muckers,  at  $3.75 0. 160 

Drills 0.030 

Explosives 0.040 

Timbering,  labor 0.070 

Timbering,  supplies 0. 130 

General — bosses,  nippers,  etc 0.040 

Total  stoping 0.560 

Haulage 0.055 

Hoisting 0.04 

^  Pumping 0.005 

I  General  undergrcund 0.025 

Ventilation 0.015 

Engineering  and  sampling 0.016 

Underground  lighting 0.004 

Mine  surface 0.030 

Total $0,880 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ihould  prafenbly  be  preaantod  in  peraon  at  ih« 
Arixona  meetinf.  September.  1916,  when  an  abttraoi  of  the  paper  will  be  read.  If  this  ia  impoeelble. 
then  diaouMion  m  writiof  niMr  be  aent  to  the  Editor,  Amerioan  Inatitute  of  Mining  EngineeTa,  29  Weet 
39th  Street;  New  York,  N.  Y.,  for  preeentation  by  the  Secretary  or  other  repreaentative  of  ita  author. 
Unleaa  apeoial  arrangement  ia  made,  the  diaeuaaion  of  thia  paper  will  cloae  Nov.  1, 1916.  Any  diaouaaion 
offered  thereafter  ahould  preferably  be  in  the  form  of  a  new  paper. 


Cost  and  Extraction  in  the  Selection  of  a  Mining  Method 

BT   C.    E.    ARNOLD,  B.    S.,    MIAMI,    ARIZ. 
(Ariaona  Meeting,  September,  1916) 

In  attacking  the  problems  of  mining  and  treating  large  disseminated 
copper  orebodies  such  as  those  occurring  in  the  Miami  or  the  Ray  dis- 
trict of  Arizona,  one  of  the  vital  questions  to  be  decided  is,  **  What  is  the 
value  of  the  orebody  per  ton  in  place?"  The  importance  of  this  ques- 
tion lies  in  the  fact  that  its  answer  helps  to  reach  a  decision  concerning 
the  method  of  mining  to  be  employed. 

Let  it  be  assumed  for  the  moment  that  milling  and  smelting  practice, 
especially  the  latter,  is  more  or  less  standardized,  and  has  a  cost  incap- 
able of  much  variation,  while  the  cost  of  mining  has  a  considerable  range 
owing  to  the  large  number  of  mining  methods  by  which  a  mine  may  be 
exploited.  For  instance,  a  method  may  be  adopted  whereby  all  the 
available  ore  can  be  extracted  perfectly  clean  (i.6.,  unmixed  with  barren 
material)  at  a  relatively  high  cost;  or  a  method  may  be  used  involving 
the  necessary  dilution  of  a  portion  of  the  ore  with  waste,  in  order  to 
recover  that  portion,  thus  giying  a  relatively  poorer  extraction  but 
nevertheless  a  lower  working  cost  than  the  former  method.  Naturally, 
between  these  two  extremes  there  lie  intermediate  methods. 

In  order  to  arrive  at  a  solution  of  a  mining  method  problem  that  is  of 
any  value,  it  is  necessary  that  accurate  and  complete  estimates  of  mining, 
milling,  and  smelting  performances  and  costs  shall  be  established.  By 
way  of  illustration  is  given  a  case  of  mining,  by  the  system  of  undercutting 
and  caving,  a  large  orebody  with  an  average  content  of  1.50  per  cent,  cop- 
per supposedly  all  in  sulphide  form,  to  which  case  has  been  applied  those 
results  in  mining  operations  which  one  may  fairly  assume  are  to  be  ex- 
pected when  viewed  in  the  light  of  G.  R.  Lehman's  ore-drawing  experi- 
ments, which  form  the  subject  of  a  paper  to  be  presented  at  this  meeting. 

It  is  assumed  that  the  total  costs  will  be  as  shown  in  the  following 

table: 
11 
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Costs  on  1  Ton  of  Clean  Ore 

Mining,  including  prepaid  development $0,600 

Coarse  crushing 0. 024 

Freight  on  ore 0.015 

Concentrating 0.462 

Freight  on  concentrate 0.002 

Smelting,  freight  on  copper,  refining,  marketing,  etc 0.737 

Amortization 0. 120 

Total il7960 

To  attain  these  costs,  a  daily  production  and  treatment  of  14,400 
tons  has  been  assumed.  Other  assumptions  are  as  follows:  15  per  cent 
of  orebody  is  to  be  extracted  clean  by  development  work  and  undercut- 
ting; 63.8  per  cent.  (75  per  cent,  of  85  per  cent.)  is  to  be  extracted  dean 
by  caving,  leaving  21.2  per  cent,  part  of  which  is  to  be  extracted  by  dilut- 
ing with  waste,  and  the  remainder  lost.  Dilution  and  extraction  are  to 
be  related  as  shown  by  the  curve  in  Fig.  1.  The  copper  tenor  of  the  con- 
centrate is  to  vary  uniformly  between  25.33  per  cent,  and  30.00  per  cent, 
on  0.80  per  cent,  and  1.50  per  cent,  ore  respectively.  Mill  extraction  is 
to  vary  uniformly  between  69  per  cent,  and^  83  per  cent,  on  0.80  per  cent. 
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Fig.  1. — Showing  Effect  of  Diluting  the  Last  Drawn  Orb  with  Capping 

UPON  Copper  Assay  of  the  Mixture. 

and  1.50  per  cent,  ore  respectively.  The  selling  price  of  copper  is  to 
average  14  c.  per  pound.  The  life  of  property  will  be  12  years.  Smelting 
is  to  be  performed  under  contract  with  an  outside  company. 

In  the  above  set  of  assumed  costs  the  charge  of  $0.12  per  ton  of  ore 
for  amortization  represents  the  outlay  necessary  to  redeem  in  12  years 
all  expenditures  for  plant  (not  including  smelter),  lands,  railroad,  water 
supply,  etc.,  other  than  the  expenditures  required  in  preparing  the  mine 
for  the  assumed  daily  production.  This  latter  expense  is  covered  by  a 
charge  of  $0.20  per  ton,  which  is  included  in  the  estimate  of  $0.60  per 
ton  for  mining.  The  amortization  fund  is  considered  as  an  annuity  in- 
vested at  4  per  cent. 

It  should  be  borne  in  mind  that  as  long  as  the  ore  is  undiluted  with 
waste,  the  above  total  cost  of  $1.96  is  all  that  is  applied  to  the  ton  in 
place,  and  that  the  instant  dilution  starts  the  cost  per  ton  in  place  in- 
creases because  the  added  waste,  until  it  disappears  in  the  mill  tailing, 
goes  through  all  the  operations  to  which  the  ore  is  subjected.    Further- 
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more,  when  the  ore  is  diluted,  the  mill  extraction,  and  consequently  the 
smelter  return,  decreases,  likewise  the  copper  tenor  of  the  concentrate 
decreases.  These  disadvantages,  however,  are  to  a  certain  extent  ofifset 
by  the  fact  that  on  dilution,  the  increasing  concentration  ratio  and  the 
decreasing  copper  content  of  the  concentrate  lower  the  smelting  cost  on 
the  ton  of  ore  in  place. 
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Fig.  2. — Showinq   Decbeasinq   Smbltbb   Receipts   and   Risinq   Costs   with 

Incbeabed  Dilution. 


Taking  into  account  all  these  variables,  the  curves  shown  in  Fig.  2 
were  plotted,  and  then  by  using  these  in  conjunction  with  the  curve  of 
Fig.  1,  the  curve  of  Fig.  3  was  established,  showing  the  extent  to  which 
dilution  could  be  carried  to  secure  the  maximum  profit  from  that  ore 
remaining  in  place  after  the  extraction  of  all  available  clean  ore. 

The  conclusions  resulting  from  this  set  of  calculations  are  as  follows: 
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FiQ,  3. — Showing  Maximum  Possible  Profit  with  Orb  Dilution  Increased 
UNTIL  Orb  Assay  is  Reduced  to  1.28  Per  Cent,  of  Copper. 


1.  To  obtain  a  maximum  profit  the  average  assay  of  the  dilution  prod- 
uct will  be  1.28  per  cent,  copper,  the  end  point  being  0.845  per  cent.,  as 
shown  in  Fig.  3,  at  which  point  receipts  from  sales  of  copper  just  balance 
total  costs. 

2.  The  total  ore  recovered  will  be  85.5  per  cent.,  as  shown  in  Fig.  1, 
of  which  78.8  per  cent,  will  be  extracted  clean  and  6.7  per  cent,  will  be 
extracted  in  conjunction  with  1.15  per  cent,  of  waste. 

3.  From  100  tons  of  ore  in  place  there  should  be  recovered: 
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78.8  tons  clean,  at  a  profit  of  $1.430 $112.68 

6.7  tons  diluted,  at  a  profit  of  1.063 7.12 

85. 5  tons  at  a  total  profit  of $119.80 

Expressed  otherwise,  the  above  might  be  stated  thus: 

78.8  tons  clean  ore  at  a  profit  of  $1.430 $112.68 

6 . 7  tons  clean  ore  at  a  profit  of    1.273 8. 53 

Gross  profit. $121.21 

1 .  152  tons  waste  at  a  loss  of  1.221 1 .  41 

Net  profit $119.80 

This  is  equivalent  to  $1.20  per  ton  in  place. 

To  duplicate  this  performance  by  the  employment  of  a  mining  system 
that  would  give,  say  a  95  per  cent,  extraction  of  clean  ore  (this  represent^ 
ing  the  end  of  mining  operations),  a  mining  cost  increased  from  $0.60 
up  to  $0.77  per  ton  would  have  to  be  borne  as  indicated  below: 

Per  Ton 

Receipts  from  smelter $3 .  39 

Costs  other  than  mining 1 .  36 

Difference 2.03 

Cost  of  mining 0. 77 

Difference 1.26 

Mining  extraction,  per  cent ^ 95 

Profit  per  ton  in  place $1 .  20 

Further,  it  may  be  stated  that  on  some  particular  ore,  of  higher  copper 
content  than  1.50  per  cent.,  it  would  be  equally  profitable  to  apply  either 
a  low-cost,  low-extraction  mining  method,  or  a  high-cost,  high-extraction 
method;  and  with  further  increase  in  the  copper  content  of  the  ore  the 
high-cost,  high-extraction  method  would  yield  the  greatest  profit  per 
ton  in  place. 

By  the  application  of  similar  reasoning  to  various  mining  problems 
such  as  that  outlined  above,  it  will  be  found  that  the  resulting  figures 
indicate  plainly  the  mining  method  that  will  yield  the  greatest  ultimate 
profit.  Should  the  calculations  show  that  there  is  little  diflference  in  the 
results  of  several  methods,  the  logical  decision  would  be  to  use  that 
method  in  which  the  element  of  doubt  is  smallest  regarding  the  realizar 
tion  of  the  estimated  costs. 


TBAN8ACTI0NS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  penon  at  the 
AriBona  meetiiic,  September,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writinf  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  olose  Nov.  1, 1910.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Shaft  Sinking  through  Soft  Material 

BY  EDWARD   A.    8ATRB,  B.  M.,*  DES   MOINES,   IOWA 
(Arisona  Meeting,  September,  1916) 

In  shaft  sinking  for  coal  mines,  the  cost  item  greatly  influences  the 
method  adopted.  This  holds  true  especially  when  soft  material  must  be 
traversed.  The  average  life  of  a  coal  mine  is  short.  This  is  dye  either 
to  the  limited  area  of  the  coal  basin  or  to  the  great  expense  of  mainte- 
nance and  haulage  underground  when  the  entries  are  extended  a  consider- 
able distance  from  the  hoisting  shaft.  Therefore,  the  engineer  in  open- 
ing a  coal  mine  is  confronted  with  the  fact  that  the  cost  must  be  kept 
within  certain  bounds  else  the  venture  will  prove  unprofitable.  For  this 
reason  he  may  be  prohibited  from  adopting  certain  safe,  but  expensive, 
methods  that  are  used  in  sinking  caissons  for  foundations,  driving 
transportation  tunnels,  or  other  work  of  permanent  construction. 

A  common  method  of  sinking  through  difficult  ground  employs  the 
aid  of  a  steel  shoe  pushed  ahead  of  the  shaft  timbers.  Another  is  the 
drop-shaft  method.  These  two  methods  were  used  in  sinking  the  main 
shaft  and  the  air  shaft  of  the  Eagle  No.  3  mine,  at  Des  Moines,  la.,  and 
the  following  data  show  the  relative  success  and  cost  of  the  two  methods 
of  sinking  under  the  same  conditions. 

A  drill  log  of  the  material  to  be  penetrated  was  as  follows  (see  Plate 
l,Fig.  1): 

Thickness,        ToUl  Depth, 
Ft.  In.  Ft.  In. 

Drift 38  38 

Sand 2  40 

Drift 2  6  42   6 

Jointed  clay 6  6  48 

Drift,  firm 10  6  58   6 

Clay,  with  sand  streaks 3  61    6 

Sand 12  73   6 

Shale,  with  two  thin  beds  of  coal  and  thin 

strata  of  rock 86  6  160 

Rock 5  165 

Coal. 3  9  168   9 

Main  Shaft  Sunk  by  Steel-Shoe  Method 

This  record  shows  the  first  73  ft.  to  be  of  drift  material,  the  lower 
12  or  15  ft.  of  which  was  sand.  The  remaining  92  ft.  to  the  coal  was 
shale  and  rock,  and  offered  no  trouble  in  sinking. 

*  General  Manager,  Eagle  Coal  &  Mining  Co. 
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The  general  equipment,  purchased  from  a  company  that  had  twice 
attempted  to  sink  on  this  property  and  failed,  consisted  of  one  SO-hp. 
boiler,  a  hoisting  engine,  one  No.  5  horizontal  and  one  No.  6  vertical 
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Cameron  pump,  a  dump  car,  hoisting  buckets,  etc.  The  men  employed 
were  a  day  and  a  night  engineer,  one  timberman,  and  three  sinking 
crews,  each  consisting  of  three  sinkers  and  one  top  man.     Work  was 
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continuous  24  hr.  a  day  until  the  sand  was  reached,  when  it  was  cut  to 
two  shiftS;  the  remaining  time  being  used  in  repacking  pumps,  etc. 

The  excavation  was  made  8  by  14  ft.  *  The  curbing  for  the  first 
50  ft.  consisted  of  2  by  4  and  2  by  6  timber  laid  flatwise,  alternately 
with  a  quarter  shaft  bratticed  off  with  3  by  12  material,  and  the  hoisting 
compartments  divided  by  4  by  6  buntons. 

No  trouble  was  experienced  in  sinking  until  the  bed  of  sand  at  the 
38-ft.  level  was  encountered.  This  sand  carried  a  small  amount  of  water 
and,  as  a  shaft  protection,  a  concrete  ring  was  put  in  behind  the  curb. 
The  next  trouble  was  experienced  from  the  42-  to  48-ft.  level.  It  had 
been  the  intention  to  assemble  the  shoe  at  this  level,  but  what  appeared 
to  be  a  firm  green  clay  proved  to  be  jointed  clay  with  a  seam  of  quick- 
sand through  it  and  the  exposed  wall  would  not  stand.  Temporary 
2  by  12  curbing  was  put  in  place  and  then  regular  curbing  carried  on 
down. 

At  the  60-ft.  level,  in  order  to  safeguard  the  assembling  of  the  steel 
shoe,  126  wooden  mine  ties,  3  by  4  in  by  4  ft.  long,  were  sledged  into  the 
clay  just  below  the  curb  as  shown  in  Plate  2.  Steel  angles,  6  by  4  in., 
were  fastened  with  lag  screws  to  the  under  side  of  the  ties.  An  excava- 
tion 6  ft.  deep  was  then  made,  undercutting  the  ties  16  in.,  and  a  false 
curb  of  2  by  6  boards  built.  The  shoe  was  then  assembled  at  this 
point. 

The  shoe  consisted  of  four  sheets  of  ^-in.  steel,  two  8  ft.  long  by  5  ft. 
high  and  two  14  ft.  long  by  5  ft.  high,  with  3-in.  angles  at  the  corners, 
and  a  6-in.  pressure  angle  placed  18  in.  from  the  bottom  of  the  shoe. 
The  curbing  was  then  built  inside  the  shoe  to  a  height  permitting  the 
jack  screws  to  be  placed  against  the  curb  timbers  of  the  shaft,  as  shown 
in  Plate  2. 

The  clay  was  then  excavated,  the  shoe  lowered  into  the  sand,  and 
pumping  started.  The  sand  carried  about  60  gal.  of  water  per  minute, 
which  would  rise  about  18  ft.  above  the  sand  when  pumping  was  stopped. 

In  order  to  avoid  the  formation  of  cavities  behind  the  curb,  as  little 
sand  as  possible  was  excavated.  To  prevent  an  inrush  of  sand  under 
the  shoe,  at  least  1^  to  2  ft.  of  sand  had  to  be  left  within  the  shoe.  The 
method  of  sinking  was  to  agitate  the  sand  at  the  bottom  of  the  shoe  and 
force  the  shoe  through  it  by  means  of  the  jack  screws  bearing  against  the 
shoe  and  the  curb  of  the  shaft.  Two  methods  were  used  to  agitate  the 
sand.  First,  while  the  men  could  reach  the  bottom  of  the  shoe,  they 
stirred  the  sand  with  spades.  By  this  method  the  shoe  was  lowered 
about  18  in.  in  the  sand.  Later  the  pumping  system  shown  in  Plate  2 
was  used. 

In  this  second  process  the  discharge  of  the  No.  6  pump  could,  when 
desired,  be  sent  through  five  ^-in.  pipes,  as  indicated  in  the  drawing,  and 
these  five  jets  of  water  could  be  played  upon  the  sand  at  the  bottom  of 
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the  shoe.  It  w&s  found  that  these  jets  would  agitate  the  sand  sufficiently 
to  permit  the  jack  screws  to  push  the  shoe  down,  except  when  the  sand 
was  at  too  high  a  level  inside  the  shoe,  in  which  case  sand  would  have  to 
be  excavated  before  the  jet  process  could  be  resumed.  In-  using  this 
process  the  men  would  stir  the  sand  with  the  jets  for  about  10  min.,  and 
then  tighten  the  jack  screws.  When  sufficient  space  was  obt^ned 
between  the  timbers  in  the  shoe  and  the  curbing  above,  the  jack 


Plate  2. — Detailed  Sketch  of  Sinkino  Shoe,  Jack  Screws  and  Pvmpb. 

screws  of  one  side  were  removed,  and  sets  of  timber  put  in  place  on  top 
of  the  timbers  in  the  shoe,  and  then  the  other  jack  screws  were  moved. 
An  advance  of  18  in.  per  day  was  exceptional  by  this  method.  More 
often  it  was  less  than  a  foot. 

Necessarily  some  sand  had  to  be  excavated  at  times.  This  had  a 
tendency  to  cave  the  dirt  around  the  shaft,  which  in  turn  caused  an  ex- 
cessive down  pressure  and  broke  the  curbing  apart  a  number  of  times. 
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An  attempt  was  made  to  overcome  this  trouble  by  supporting  the  curb 
with  I-beams  and  cables  from  the  surface  as  shown  in  Plate  1,  Fig.  3. 
Ten  12-in.  I-beams  were  supported  on  cribs  at  the  surface,  and  ten  8-in. 
I-beams  were  swung  under  the  4  by  6  angle  below  the  ties,  these  beams 
being  connected  by  twenty  %-in.  steel  cables.  When  the  sinking  was 
resumed,  the  curbing  continued  to  break,  the  I-beams  bent,  and  two 
cables  were  broken.  Since  it  appeared  impossible  to  hold  the  curb,  it 
was  decided  to  timber  the  shaft  solid  from  the  8-ft.  level  (where  the  most 
uniform  break  occurred)  to  the  bottom  of  the  shoe,  and  then  drop  this 
portion  of  the  shaft  through  the  remaining  5  ft.  of  sand. 

To  do  this,  the  ties  were  driven  back  into  the  wall  and  solid  timbering 
put  in  between  the  shoe  and  the  upper  curbing  of  the  shaft.  The  entire 
shaft  curbing  from  the  8-ft.  level  down  was  then  tied  together  with  2  by 
6-in.  stringers.  At  the  8-ft.  level,  2  by  4-in.  by  16-ft.  planks  were  spiked 
to  the  lower  curb,  the  upper  ends  projecting  above  the  break  as  shown 
in  Plate  1,  Fig.  4,  preventing  the  loose  material  from  falling  down  the 
shaft.  The  jet  system,  with  occasional  excavations  of  sand,  was  resumed, 
and  the  shoe,  with  50  ft.  of  curbing,  was  lowered  through  the  sand. 

In  landing  the  shaft  on  the  solid,  seven  boulders  from  1  to  2  ft.  in 
diameter  were  encountered.  Six  of  these  were  under  the  cutting  edge  of 
the  shoe,  and  were  removed  only  after  being  broken  up  by  means  of  a 
long  chisel  and  sledge. 

While  lowering  the  shaft  through  the  sand,  the  upper  timbers  of  the 
of  shaft  buckled  18  in.  out  of  line.  This  necessitated  retimbering  of 
the  shaft  from  the  top  of  the  sand  to  the  surface,  an  expensive  under- 
taking because  the  old  timbers  had  to  be  cut  out  and  replaced  in 
sections. 

On  completion  of  the  retimbering,  sinking  through  the  shale  was  com- 
menced. Three  shifts  of  four  sinkers  each  were  used  with  an  average 
daily  advance  of  5  ft.  The  only  problem  involved  in  sinking  through  the 
shale  was  the  elimination  of  the  water,  a  considerable  proportion  of  which 
was  choked  off  when  the  solid  was  reached.  This  water  was  taken  care 
of  by  placing  a  water  ring  at  the  85-ft.  level  with  a  pump  located  at  that 
point  to  elevate  the  water  to  the  surface  as  shown  in  Plate  1,  Fig.  5. 

Air  Shaft  Sunk  by  Drop-Shaft  Method 

The  air  shaft  was  located  350  ft.  from  the  main  shaft,  and  its  sinking 
conditions  were  similar  except  that  the  surface  at  this  point  was  10  ft. 
lower  than  at  the  main  shaft,  making  the  actual  distance  to  be  traversed 
to  the  solid  63  ft.  6  in. 

The  equipment  was  the  same  as  that  used  at  the  main  shaft.  The 
air  shaft  followed  a  drill  hole  tapped  by  an  entry  from  the  main  shaft,  so 
that  most  of  the  water  was  drained  through  this  drill  hole  and  then 
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pumped  to  the  surface.    Two  shifts  of  three  sinkers,  one  top  man,  and  an 
engineer  were  employed. 

The  size  of  the  excavation  was  the  same  as  before,  8  by  14  ft.  The 
steel  shoe  was  similar  to  the  one  in  the  main  shaft,  except  that  it  was  10  ft. 
high  instead  of  5  ft.  The  timbering  for  the  first  30  ft.  above  the  shoe 
consisted  of  4  by  6  laid  flat,  tied  together  by  lag  screws  %  in.  diameter 
by  10  in.  long,  spaced  2  ft.  apart.  The  shaft  was  divided  into  three  equal 
compartments  by  4  by  6  buntons  as  shown  in  Plate  3.     The  middle  com- 
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Plate  3. — Method  Employed  in  Sinonq  Air  Shaft. 

partment  was  left  free  and  was  used  for  hoisting  purposes.  The  end 
compartments  were  braced  by  4  by  6  extending  from  the  ends  of  the  shaft 
to  the  sides.  Four  steel  straps  %  in.  by. 2  in.  tied  the  shaft  timbere 
together  from  top  to  bottom. 

An  excavation  10  ft.  deep  was  first  made,  the  shoe  assembled  and  lined 
with  timbers.  The  sinking  was  continued  until  the  shoe  was  hung  up  by 
the  friction  on  the  sides.  Then  a  platform  was  built  every  5  ft.  in  the 
end  compartments.  These  5-ft.  chambers  were  filled  with  sand  to  give 
additional  weight,  and  the  sinking  continued.    The  ground  surrounding 
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the  shoe  gradually  broke  in  an  oval  shape.  At  one  place  it  was  necessary 
to  fire  a  small  charge  of  powder  in  order  to  loosen  the  ground  sufficiently 
at  one  end  of  the  shaft. 

As  the  shoe  was  sunk,  timbers  were  added  at  the  top  of  the  curbing. 
This  method  of  bmlding  the  curb  at  the  top  is  decidedly  better  than  that 
of  adding  timbers  at  the  bottom  since  the  timbers  are  placed  much  more 
accurately  and  expeditiously. 

One  difficulty  experienced  in  the  drop-shaft  method  was  to  keep  the 
bottom  of  the  shoe  level.  When  one  side  of  the  shoe  got  lower  than  the* 
other  it  kicked  the  opposite  side  outward.  To  right  it,  the  lower  side 
was  blocked  until  the  higher  side  caught  up. 

The  progress  through  the  drift  material,  until  the  sand  was  reached, 
was  slow,  much  slower  than  at  the  main  shaft.  The  drop-shaft  went 
much  faster,  however,  after  reaching  the  sand.  In  fact,  the  difficulty 
at  that  time  was  to  keep  the  bottom  of  the  shaft  from  moving  faster  than 
the  top.  When  within  10  in.  of  the  bottom  of  the  sand,  the  shaft  broke 
apart  20  ft.  up  from  the  shoe.  This  was  due  to  the  fact  that  the  move- 
ment of  the  shoe  was  faster  than  that  ef  the  top  of  the  shaft,  and  to  the 
insufficient  strength  of  the  straps  connecting  the  top  and  bottom  of  the 
curb.  At  this  point  (20  ft.  above  the  shoe)  the  curb  separated  from  6  to  8 
in.,  and  the  upper  part  of  the  shaft  kicked  over  9  in.  north  and  east  of 
the  lower  part.  A  temporary  platform  of  8  by  8  timber  was  put  in  the 
end  compartments  of  the  shaft  at  this  place,  and  time  given  for  the  upper 
part  of  the  shaft  to  settle  down  before  starting  the  excavation  again. 
The  sinking  was  then  continued  and  the  shoe  landed  on  the  solid  without 
further  difficulty,  aside  from  hitting  two  small  boulders  at  the  bottom  of 
the  sand. 

As  the  excavation  was  larger  than  necessary  for  an  air  shaft,  it  was 
decided  to  cement  the  shaft  for  a  distance  of  28  ft.  from  the  bottom  of  the 
shoe,  in  order  to  shut  ofif  the  water.  A  wall  of  cement  4  to  8  in.  thick 
was  accordingly  then  constructed. 

After  the  cement  was  given  time  to  set  thoroughly,  the  excavation 
was  again  started  in  the  shale  and  continued  without  difficulty  to  the 
coal.  Sinking  through  the  shale  in  the  air  shaft  cost  slightly  more  than 
in  the  main  shaft  because  work  in  the  mine  prevented  as  careful  super- 
vision being  given  the  sinkers  in  the  air  shaft. 

One  difficulty  encountered  in  drop-shaft  sinking  was  in  keeping  the 
position  of  the  shaft  vertical.  At  one  time  this  shaft  was  2  ft.  out  of 
plumb.  By  regulating  the  movement  at  the  bottom  of  the  shoe,  the  shaft 
partly  righted  itself,  until  at  the  finish,  in  a  total  depth  of  63  ft.  6  in.  to 
the  shale,  the  bottom  of  the  shaft  was  16  in.  to  the  south  and  10  in.  to 
the  east  of  the  top.  Part  of  this  variation  was  remedied  in  the  cementing 
of  the  shaft. 

A  much  larger  amount  of  sand  was  removed  in  sinking  the  air  shaft 
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by  the  drop-shaft  method  than  in  sinking  the  main  shaft.  This  could 
be  done  without  danger  of  a  cavity  forming,  because  the  surface  dirt 
followed  the  air  shaft  down  as  it  descended.  When  the  sinking  through 
the  sand  was  completed,  the  surface  directly  surrounding  the  air  shaft 
had  caved  to  a  depth  of  15  to  16  ft.  and  for  a  distance  of  20  ft.  in  all 
directions  from  the  shaft.  In  fact,  all  the  shale  that  was  removed 
through  the  remaining  92  ft.  to  the  coal  did  not  fill  this  space  at  the 
surface. 

A  comparison  of  the  costs  of  the  two  shafts  is  as  follows: 

Main  Shaft  Air  Shaft 

Labor: 

Through  drift  material $916 .  80  $789 .  08 

Through  sand 1,941.80  541.62 

Through  shale 1,065.68  1,213.30 

$3,924.28  $2,544.00 

Superintendence 600.00  435.50 

Retimbering 1,343.23 

Cementing 207.68 

Total  labor  cost $5,867.51  $3,187.18 

Materials: 

Curbing $1,878.62  $1,196. 17 

Supplies' 900.14  642.74 

Power,  light,  water,  insurance, 
etc 1,248.50  649.71 

Total  curbing,  etc.,  cost $4,027.26  $2,487.62 

Total  costs  of  shafts $9,894.77  $5,674.80 

Conclusions 

In  this  particular  work  there  was  no  question  about  the  superiority 
of  the  drop-shaft  method  of  sinking.  It  made  a  net  saving  of  $4,300  in 
the  total  cost  of  the  air  shaft  compared  with  the  main  shaft.  A  saving 
of  $2,700  was  effected  in  the  labor  cost,  while  in  the  cost  of  materials, 
power,  etc.,  the  saving  was  $1 ,600.  A  saving  in  time  also  resulted,  30  days 
being  required  to  traverse  the  sand  with  the  main  shaft,  while  the  air 
shaft  was  dropped  through  it  in  17  days. 

From  the  results  obtained  in  these  two  shafts,  and  from  the  experience 
of  others  in  the  western  interior  coal  field,  we  believe  that  the  drop-«haft 
method  of  sinking  is  the  safest,  most  economical,  and  most  successful 
that  can  be  adopted  for  sinking  through  soft  material  that  lies  within 
100  ft.  of  the  surface.  At  greater  depths  a  variation  of  the  method  can 
be  used  by  first  sinking  a  larger  shaft  close  to  the  soft  material,  and  then 
telescoping  a  drop-shaft  within  it. 
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Power  Plant  of  the  Burro  Mountain  Copper  Co. 

BY  CHARLES  LEQBANP,*   D0t7GLAS|   ARIZ. 
(Ariaona  Meeting,  September,  1916) 

The  power  plant  of  the  Burro  Mountain  Copper  Co.  is  located  near 
Tyrone,  N.  M.,  at  5,950  ft.  elevation.  It  is  interesting  because  it  uses 
the  largest  stationary  Diesel  engines  in  the  United  States. 

The  general  layout  of  the  plant  is  shown  in  Figs.  1  and  2.  The 
building  is  of  steel-frame  construction  with  hollow-tile  walls  and  corru- 
gated-iron roof;  the  floor  is  concrete  and  all  windows  have  steel  frames, 
making  a  fireproof  building. 

The  building  is  made  to  accommodate  one  more  electric  generator 
unit  which  is  being  installed;  also  two  4,000-cu.  ft.  air  compressprs  direct- 
connected  to  three-cyUnder  engines  with  the  same  size  cylinders  as  the 
electric  units. 

Tl\e  power  plant  consists  of  two  815-kva.,  60-cycle,  three-phase, 
6,600-volt,  180-r.p.m.  generators,  direct-connected  to  five-cylinder,  two- 
cycle  Diesel  engines;  the  necessary  circulating  pumps  for  cooling  water, 
cooUng  towers  and  oil  storage  tanks. 

A  portion  of  the  power  is  used  in  the  same  building  as  the  generating 
units  to  run  one  of  two  200-kw.  rotary  converters  delivering  260-volt 
direct  current,  and  a  2,500-cu.  ft.  air  compressor,  delivering  air  at  95 
lb.  pressure,  direct-connected  to  a  .400-hp.,  6,600-volt,  three-phase 
synchronous  motor. 

The  remainder  of  the  power  is  used  to  run  a  1,500-ton  concentrating 
mill  3J^  miles  from  the  power  house,  various  hoists,  pumps  and  motors 
about  the  mines  and  the  lighting  and  water-works  of  the  town  of 
Tyrone. 

The  direct  current  is  used  for  electric  traction  in  the  mine,  also  to  run 
hoists  and  motors  that  were  installed  before  the  new  power  plant  was 
built. 

Due  to  the  large  hoists  that  take  starting  peaks  of  250  ^w.  and  the 
10-ton  electric  locomotive  that  takes  at  times  150  kw.,  the  load  is 
extremely  variable,  afe  shown  in  Fig.  3. 

The  two  five-cylinder  vertical  Diesel  engines,  which  are  rated  at  1,250 
b.hp.  at  sea  level,  have  cylinders  of  525-mm.  diameter  (20.6  in.)  and 

*  Consulting  Engineer,  Phelps,  Dodge  &  Co. 
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660-mm.  (26  in.)  stroke;  each  engine  has  a  scavenging  cylinder  of  1,050- 
mm.  (41.25  in.)  diameter  and  600-mni.  (23.6  in.)  stroke;  also  a  three- 
stage,  four-cylinder  high-pressure  vertical  compressor,  both  directly 
connected  to  the  engine.  This  compressor  delivers  the  air  necessary  for 
fuel  injection  and  for  starting  the  engine.  The  scavenging  pump,  which 
is  larger  than  usual,  delivers  the  air  to  blow  ofif  the  products  of  com- 
bustion and  fill  the  cylinders  with  fresh  air  at  the  beginning  of  the  stroke 
This  pump  was  increased  in  size  to  be  able  to  fill  the  cylinders  with  air  at 
2K  lb-  gag©  pressiu'e  at  the  beginning  of  the  stroke.  This  gives  nearly 
the  same  initial  absolute  pressure  and  allows  the  engine  to  generate  nearly 
the  same  indicated  horsepower  as  it  would  at  sea  level.  The  work 
done  in  the  scavenging  pump  is,  however,  increased  and  the  horsepower 
available  is  approximately  95  per  cent,  of  sea-level  output. 

The  fuel  consumption  per  horsepower  is  increased  over  sea-levd 
conditions  because  of  the  extra  work  of  the  scavenging  pump  and  the 
resulting  lower  mechanical  efficiency  of  the  engine  when  operating  at  the 
elevation  of  this  plant. 
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Fig.  3. — Section  of  Chaet  Showing  Variation  in  Power  Load. 


6P.M. 


The  plant  has  been  in  operation  for  17  months,  but  as  the  mill  was 
not  ready  until  the  middle  of  April,  1916,  up  to  that  time  the  load  was 
carried  on  one  engine. 

The  fuel  used  is  California  asphaltum  base  oil  14°  to  18®  B^.  gravity, 
averaging  16°  B6.  and  18,360  B.t.u.,  costing  $1.85  to  $1.98  per  barrel. 
The  number  of  heat  units  in  the  oil  was  not  determined  at  Tyrone,  bpt 
at  another  plant  which  gets  the  oil  from  the  same  shipping  point  and  under 
the  same  contract. 

The  pistons,  cylinders,  heads  and  exhaust  pipes  are  water-jacketed; 
the  jacket  water  of  the  exhaust  pipes,  which  can  be  easily  varied  in  tem- 
perature without  danger,  is  used  to  heat  the  fuel  oil  to  120°  F.  as  the  heavy 
fuel  oil  cannot  be  used  if  cold.  The  engines  are  started  with  a  lighter 
fuel  oil  of  about  25°  B6.  and  run  on  this  oil  until  the  heavy  oil  is  heated 
to  the  required  temperature;  when  shutting  ofif  an  engine,  it  is  run  for  a 
few  minutes  on  light  oil  to  fill  up  the  oil  piping  with  light  oil. 

The  curve  in  Fig.  4  shows  the  oil  consumption  per  kilowatt-hour 
delivered  at  the  switchboard  when  engines  were  tested  new;  it  is  the  aver- 
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age  of  several  tests.  It  is  interesting  to  compare  the  test  figures  with 
the  actual  consumption  as  shown  on  power  reports  of  the  company. 
Although  individual  months  show  variations  from  the  curve,  the  yearly 
average  for  1916  checks  very  closely  with  it,  showing  that  the  efficiency 
of  the  engines  is  well  maintained  and  that  the  variable  load  has  very 
little  detrimental  effect  on  the  fuel  efficiency. 

By  the  courtesy  of  Phelps,  Dodge  &  Co.,  owners  of  the  Burro  Moun- 
tain Copper  Co.,  I  am  allowed  to  publish  in  the  accompanying  table  the 
operating  costs  from  Jan.  1,  1915,  to  June  1,  1916.  These  costs  are  as 
they  stand  on  the  books  and  are  higher  than  is  to  be  expected.  They 
cover  the  running  cost  of  the  complete  plant,  exclusive  of  the  air  com- 
pressor.   These  costs  do  not  include  taxes,  overhead  charges  or  deprecia- 
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Fig.  4. — Average  Fuel  Consumption  Tests  on  Diesel  Engine,  Burro  Mt. 

*  Copper  Co. 

Diesel  Engine:  5  cylinder,  1250  hp.  (sea-level  rating),  2  cy.  ch. 

Plant  Elevation :  5,950  ft. 

Fuel:  16**  B6  California  crude  oil,  18,360  B.  t.  u.  per  pound. 


lion.  The  cost  per  kilowatt-hour  available  is  based  on  total  power 
generated  less  that  used  for  auxiliaries  in  power  plant,  such  as  lighting, 
circulating  pumps  for  oil  and  water,  etc.  To  simplify  bookkeeping,  the 
compressor  is  not  charged  with  the  cost  of  circulating  its  water  or  with 
its  proportion  of  the  lighting. 

The  labor  cost  is  high  because  we  have  operated  from  the  first  with 
the  full  labor  needed  for  operation  when  the  power  house  is  delivering  the 
power  necessary  to  run  the  mines  and  mill  at  the  rate  of  1,500  tons  per 
day,  a  condition  that  has  not  yet  been  reached. 

The  repair  cost  is  high,  for  soon  after  operations  were  started  the 
construction  account  was  closed  and  several  items,  such  as  labor  for 
installing  recording  thermometers,  measuring  gages,  some  lubricating- 
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oil  piping,  etc.,  were  charged  to  repairs.  During  the  first  year  we  also 
took  apart  the  pistons,  valves,  etc.,  of  the  engine  to  satisfy  ourselves  that 
everything  was  going  right  and  to  determine  if  possible  at  what  intervals 
this  work  would  have  to  be  done.  This  is  shown  by  the  relation  of  repair 
labor  to  material  used  in  the  repairs.  The  third  engine  is  being  furnished 
with  scavenging  valves  having  removable  seats,  and  we  decided  to  alter 
the  valves  of  the  two  engines  already  erected  while  we  needed  only  one 
engine  in  service. 

The  cost  of  repairs  is  shown  in  Table  2. 

The  repairs  to  circulating  pumps  and  water  piping  are  repairs  outside 
of  the  engine  water  piping;  the  repairs  on  lubricating-oil  system  are  also 
the  repairs  outside  of  the  engine.  The  item  of  other  repairs  covers  all 
repairs  to  building,  switchboard,  lighting,  fuel-oil  system  and  rotary  con- 
verters. The  latter  should  not  be  included  under  the  cost  of  alternating- 
current  power,  but  to  separate  them  would  have  involved  a  great  deal  of 
work  and  the  final  result  would  not  be  appreciably  different. 

Table  2. — Burro  Mountain  Copper  Co.  Tower  Plant  Repairs 


1915 


Enginea 


!  Circulating  Pumps 
and  Water  System 


Labor    'Material      Labor      Material 


Lubrieating-Oil 
System 


Labor 


Material 


Other  Repairs 


Labor 


Material 


Jan.. 

$46.40 
142.95 
144.30 
171.05 
366.60 
297.50 
234.60 
303.55 
223.75 
280.80 
299.67 
229.75 
169.00 
167.75 
284.95 
74.30 
320 . 95 

$5.21 

2.61 

7.67 

35.46 

6.80 

3.52 

3.51 

70.65 

7.67 

261.37 

5.92 

51.85 

0.34 

3.68 

152.50 

3.33 

483.38 

$1.50 

36.10 

4.60 

2.70 

26.70 

53.80 

79.60 

63.80 

70.30 

61.15 

7.95 

21.00 

19.70 

17.35 

8.15 

$2.82 
2.49 

14.08 

7.85 

20.71 

58.56 

6.56 

40.47 

16.43 

3.04 

0.05 

0.10 

2.39 

0.47 

1.10 

a      m      »      9      m 

0.35 
5.15 

2.58 

12.00 

33.95 

16.85 

2.75 

0.95 

59.45 

14.25 

9.40 

142.00 

80.70 

0.78 
0.48 

2.58 

1.10 

11.79 

6.15 

0.15 

0.43 

9.54 

0.44 

2.56 

120.43 

29.45 

6,90 
11.70 
18.85 
48.25 
42.30 
14.50 
50.10 
12.95 
95.95 
33.30 
18.70 

8.80 
12.20 
21.40 
36.05 
122.55 
52.80 

Feb 

2.59 

Mar 

2.98 

April 

18.95 

May 

1.24 

June 

0.96 

July 

17.27 

J  

Au^ 

6.40 

Sept 

23.81 

f" 

Oct 

13.53 

Nov 

24.88 

Dec 

3.75 

Jan •. 

15.46 

Feb 

37.58 

Mar 

12.15 

Apr 

111.41 

*^* 

May 

48.68 

J 

The  water  used  in  cooling  the  engines  is  mine  water,  which  apparently 
has  no  bad  effect  on  cast  iron,  but  has  a  strong  action  on  steel,  so  that  all 
of  our  oil  filters  had  to  be  rebuilt. 

The  circulating  pumps  come  in  for  a  large  repair  item  due  to  breakage 
of  check  valves  above  the  pumps  which  fell  in  and  wrecked  the  pumps. 

The  two  largest  items  of  repairs  on  the  engines  were,  one  main  bearing. 
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that  was  drained  of  its  oil  by  a  mistake  of  the  oiler  the  first  night  we 
operated  and  one  high-pressure  air-compressor  head  that  was  wrecked 
by  starting  the  engine  without  draining  the  air  cylinder,  after  it  had  been 
idle  some  weeks.  A  small  water  leak  had  filled  the  cylinder  with  water 
and  the  head  broke  at  the  first  revolution  of  the  engine. 

The  greatest  trouble  we  have  had,  not  due  to  carelessness,  is  with  the 
helical  gears  driving  the  camshaft.  These  gears  have  a  tendency  to  get 
loode  and  one  of  them  split  from  the  keyway.  We  have  not  ascertained 
the  exact  cause  of  this  trouble,  which  is  now  much  reduced  since  iron 
bands  were  shrunk  on  the  hub  of  the  gears. 

Two  important  items  of  running  expense  were  doubtful  when  the 
engines  were  purchased :  One  was  lubricating  oil  and  the  other  the  main- 
tenance cost.  The  first  one  is  now  settled  and  we  hope  to  reduce  the  cost 
from  that  shown  in  the  table  by  the  use  of  separate  pumps  to  each  point 
where  the  oil  is  deUvered  in  the  cylinders,  insuring  a  definite  quantity 
of  oil.  The  present  engines  have  one  pump  delivering  to  four  points  and 
it  happened  once  that  one  qf  the  oil  pipes  became  plugged  and  gave  slight 
trouble  on  one  piston. 

The  maintenance  is  still  in  doubt,  and  cannot  be  determined  imtil  we 
reach  and  maintain  regular  operations  for  some  time;  but  the  writer 
thinks  it  will  show  a  decrease  from  the  figures  shown. 

The  water-cooling  connections  to  the  pistons  were  expected  to  give 
some  disagreeable  troubles,  but  we  have  had  practically  none. 

The  operation  of  the  engines  in  parallel  is  very  satisfactory  even  when 
the  load  is  light.  In  actual  operation,  with  one  engine  in  service,  the  peak 
load  carried  has  been  higher  than  was  expected  to  be  possible.  Under 
test,  900  kw.  was  the  limit  with  water-rheostat  load,  but  in  service,  peaks 
up  to  1,000  kw.  have  been  carried  for  several  seconds  without  seriously 
slowing  down  the  engine. 

On  the  whole,  the  operation  of  the  plant  has  been  satisfactory  and  the 
costs  obtained  are  considerably  better  than  with  a  steam  plant  of  the 
same  capacity  run  under  the  same  conditions,  amply  justifying  the  extra 
investment  for  this  type  of  engine  where  the  cost  of  fuel  oil  is  high. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preoented  in  person  at  the 
Anions  meetini^.  September,  1016,  when  an  abstract  of  the  ^aper  will  be  read.  If  this  is  impossible 
then  diseusaion  in  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  {Encineers,  29 
West  39th  StiTset.  New  York,  N.  Y.,  for  presentation  b^  the  Secretary  or  other  representative  of  its 
aathor.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1916.  Any 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Basic-Lined  Converter  in  the  Southwest 

BT  L.   O.   HOWARD,   GLOBE,   ARIZ. 
(Arisona  Meeting,  September,  1916) 

What  was  perhaps  the  first  attempt  at  basic  converting  in  the  South- 
west was  made  by  the  late  Charles  P.  Shelby  at  Cananea  early  in  1907, 
when  he  removed  the  acid  lining  from  one  of  the  8  by  12-ft.  barrel-tjrpe 
converters  then  in  use  at  the  reduction  works  of  the  Cananea  ConsoUdated 
Copper  Co.  and  substituted  a  lining  of  one  course  of  magnesite  brick. 
In  this  shell,  he  blew  21  taps  (about  180  tons)  of  matte  to  white  metal 
before  the  brick  gave  out  along  the  tuyfere  Une.  In  every  case,  the  white 
metal  so  made  was  transferred  and  blown  to  copper  in  other  converters. 
The  cost  of  the  lining  was  $700  and  Mr.  Shelby  gave  up  the  experiment  as 
impracticable.  No  further  serious  effort  to  bessemerize  copper  mattes 
in  a  vessel  having  a  more  or  less  permanent  lining  of  basic  brick  was  made 
by  any  of  the  large  copper  smelters  in  the  Southwest  until  some  months 
after  Messrs.  Peirce  and  Smith  had  brought  the  question  permanently 
before  the  pubUc,  and  had  proved  it  to  be  a  metallurgical  and  financial 
success  by  their  work  at  Baltimore  and  Garfield. 

Early  in  1911,  the  Cananea  ConsoUdated  Copper  Co.  had  in  operation 
at  its  reduction  works  at  Cananea,  Mex.,  several  8  by  12-ft.  barrel-type 
converters  Uned  with  magnesite  brick  which  had  previously  been  operat- 
mg  with  acid  linings.  In  the  18  months  following,  these  converters 
produced  50,000  tons  of  copper.  In  June,  1912,  this  company  installed 
the  first  of  its  new  equipment  of  six  stands  of  electrically  operated  12-ft. 
Great  Palls  type  converters,  and  shortly  afterward  discontinued  the  use 
of  the  smaller  shells. 

In  September,  1911,  the  Consolidated  Kansas  City  Smelting  & 
Refining  Co.  had  installed  at  its  El  Paso  plant  two  10  by  26-ft.  Peirce- 
Smith  converters.  Later,  in  March,  1913,  one  standard  Great  Falls 
type  converter  was  added. 

About  the  time  the  Peirce-Smith  converters  were  going  in  at  El 
Paso,  the  Calumet  &  Arizona  Mining  Co.  was  experimenting  with  basic 
linings  in  7-ft.  by  10-ft.  6-in.  barrel  converters  at  its  plant  in  Douglas, 
Ariz.  These  efiForts  were  sufliciently  successful  to  enable  the  plant  to 
handle  the  total  output  of  copper  in  these  small  shells  until  the  standard 
Great  Falls  converters  were  substituted  in  June,  1914. 
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During  the  year  1911,  the  Anaconda  Copper  Mining  Co.,  at  its  Great 
Falls  plant,  proved  the  worth  of  the  so-called  Great  Falls  converter. 
It  was  to  this  type,  now  being  recognized  as  standard,  that  the  Copper 
Queen  Consolidated  Mining  Co.  turned  when  it  was  decided  to  equip 
the  reduction  works  at  Douglas  with  basic-lined  converters.    In  April, 

1912,  the  first  of  these  shells  was  put  in  operation.  A  second  was  added 
during  the  following  month,  and  these  two  were  quickly  followed  by  six 
others. 

In  the  meantime,  the  Consolidated  Kansas  City  Smelting  &  Refining 
Co.  had  in  operation,  at  its  Hay  den,  Ariz.,  plant,  two  10  by  26-ft.  Peirce- 
Smith  converters  and  later,  in  July,  1913,  added  one  standard  Great 
Falls  converter. 

The  Arizona  Copper  Co.  first  used  the  basic-lined  converter  in 
October,  1911,  at  its  old  plant  at  Clifton,  Ariz.  The  acid  lining  in  some 
of  the  small  converters  was  removed,  and  one  of  magnesite  brick  was  sub- 
stituted.    The  use  of  these  small  converters  was  continued  until  October, 

1913,  when  the  new  plant  with  its  equipment  of  three  stands  of  electrically 
operated  standard  Great  Falls  converters  was  put  in  operation. 

By  January,  1913,  the  Old  Dominion  Copper  Mining  &  Smelting 
Co.  at  Globe,  Ariz.,  had  installed  a  12-ft.  Great  Falls  type  converter. 
It  was  the  intention  to  handle  in  this  shell  the  total  output  of  copper, 
amounting  to  possibly  36,000,000  lb.  yearly,  but  later,  to  insure  sufficient 
converting  capacity  in  case  of  accident  to  the  larger  shell,  two  of  the  old 
7-ft.  by  10-ft.  6-in.  acid  converters  were  lined  with  magnesite  brick. 
It  was  not  the  intention,  nor  has  it  been  the  practice,  to  use  these  small 
converters  unless  absolutely  necessary,  and  to  date  they  have  together 
turned  out  somewhat  less  than  1,500,000  lb.  of  copper. 

The  Detroit  Copper  Mining  Co.  at  Morenci,  Ariz.,  with  a  yearly  copper 
output  of  about  11,000  tons,  has  never  considered  it  advisable  to  adopt 
the  large  basic-Uned  converter.  Instead,  the  7-ft.  by  10-ft.  6-in.  acid- 
lined  shells  have  been  relined  with  magnesite  brick  and  with  these  some 
remarkable  work  has  been  done,  despite  the  serious  difficulties  that  accom- 
pany the  bessemerizing  of  copper  mattes  in  such  small  basic-lined  vessels. 
A  record  of  over  3,100,000  lb.  of  copper  converted  with  one  lining,  before 
any  patching  of  the  brick  was  necessary,  has  been  made. 

The  Consolidated  Arizona  Smelting  Co.,  at  Humboldt,  Ariz.,  likewise 
has  continued  in  the  very  successful  use  of  the  small  basic-lined  converter, 
but  contemplates  the  purchase  of  a  large  unit  in  the  near  future. 

The  International  Smelting  Co.  at  Inspiration,  and  the  United  Verde 
Copper  Co.  at  Clarkdale,  Ariz.,  have  installed  the  standard  Great  Falls 
electrically  operated  converters  in  their  new  plants,  both  of  which  were 
put  in  operation  during  1915.  Unfortunately,  owing  to  the  newness  of 
the  latter  plant  and  the  fact  that  a  proper  working  basis  had  not  yet  been 
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arrived  at,  it  was  imppssible  to  obtain  any  figures  covering  the  converting 
operations. 

There  is  no  question  about  the  superiority  of  basic  over  acid  linings  or, 
where  the  output  of  copper  is  sufficiently  large  to  insure  efficient  operat- 
ing, of  the  standard  type  over  the  smaller  basic-lined  converter.  The 
inability  properly  to  control  the  temperature  of  the  charge  in  the  small 
vessel,  and  the  resulting  destruction  of  the  brick  lining,  are  the  most 
serious  difficulties  with  which  the  operator  using  a  small  basic-lined  con- 
verter has  to  contend.  Throughout  the  Southwest,  the  preference  has 
been  for  the  standard  upright  rather  than  for  the  horizontal  converter. 
The  greater  flexibiUty  of  the  former,  and  the  greater  ease  with  which 
repairs  may  be  made,  strongly  recommend  it. 

The  operating  data  in  Table  1  will  give  an  idea  of  the  working  con- 
ditions and  the  results  obtained  at  some  of  the  large  smelting  plants  in 
the  Southwest.  It  is  to  be  regretted  that  repUes  to  questions  pertaining 
to  power  consumption  were  at  such  variance  that  it  was  thought  best  to 
omit  them  entirely,  as  no  reconciliation  seemed  possible. 

Table  2. — Old  Dominion  Copper  Mining  &  Smelting  Co. 

Campaign  of  basic-lined  converter  No.  2.   ^ 

Put  in  operation June  27,  1913 

Removed  for  initial  patching *. Dec.  7,  1915 

Total  hours  blowing 13,734 

Total  number  blows  made 3,288 

Average  time  of  blow 4  hr.  11  min. 

Total  number  taps  matte 9,316 

Total  tons  matte  charged 85,578 

Average  weight  of  matte  per  charge 26  tons 

Average  copper  content  of  matte 43.37  per  cent. 

Total  tons  bullion  produced 35,431 

Average  time  to  blow  one  ton  copper 23.2  min. 

Average  tons  copper  per  blow 10.80 

Average  blast  pressure 13.2  lb. 

Average  air  used  to  blow  one  ton  copper 178,411  cu.  ft. 

Average  air  used  per  minute 7,691  cu.  ft. 

Average  air  used  per  ton  iron  slagged 242,502  cu.  ft. 

Total  ore  fed 17,097  tons 

Tons  ore  fed  per  ton  matte  blown 0.200 

Magnesite  brick  used  for  repairs None 

Average  Slag  Analysis  Average  Matte  Analysis 

Per  Cent.  Per  Cent. 

Cu 2.1  Cu 43.37 

SiOs 21 .7  Fe 29.2 

Fe 52.2  S 23.5 

CaO 1.1 

AljOs 3.0 

S 1.8 
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Separate  operating  data  for  the  Peirce-Smith  and  Great  Falls  con- 
verters at  El  Paso  could  not  be  obtained,  so  the  figures  in  column  7  are 
a  combination  of  results  obtained  in  these  different  types.  The  figures 
in  columns  9  and  10  are  for  former  acid-lined  shells  now  operating  with 
a  lining  of  magnesite  brick.  All  figures  are  for  periods  of  1  month  or 
more.  Those  in  colunm  6  are  for  the  year  1915.  The  data  in  column  2 
cover  a  period  of  29  months'  operation — the  life  of  one  original  lining  to 
the  time  of  first  patching.  Although  some  of  the  figures  in  Table  2  have 
abeady  been  given,  this  more  complete  summary  of  the  campaign  may 
prove  of  interest. 

I  am  greatly  indebted  to  the  managers  and  superintendents  of  the 
different  properties  who  so  graciously  and  promptly  furnished  me  with 
the  necessary  information  for  this  article,  and  take  this  opportunity  to 
thank  them. 
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[subject  to  BBYIBIOyl 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  praferably  be  prMented  in  perwn  at  ih« 
Amona  ineetiii|E»  September,  1910,  when  an  abetraot  of  the  paper  will  be  read.  If  thia  ia  impoMible, 
thtn  diietMBJon  in  wntinc  may  be  sent  to  the  Editor,  Amerioan  Inftitute  of  Mining  Encineers,  29  West 
39th  Street,  New  York,  N.  x.,  for  preeentation  by  the  Secretary  or  other  repreeentative  of  ita  author. 
Unlen  speelal  arraagement  ia  made,  the  diaouaeion  of  thia  paper  will  oloae  Not.  1, 1916.  Any  disouMion 
olfertd  thereafter  ehonld  preferably  be  in  the  form  of  a  new  paper. 


Mine-Fire  Methods  Employed  by  the  United  Verde  Copper  Co. 

BT  ROBERT  B.   TALLY,*  B.  8.,   JEROME,    ARIZ. 
(Arisona  Meeting,  September,  1916) 

Underground  fires  have  been  common  in  the  mines  of  the  United 
Verde  Copper  Co.  for  the  past  22  years.  The  first  fire  started  in  the  300 
Hampton  stope  in  the  fall  of  1894,  following  a  cave  in  that  orebody.  The 
soft  and  highly  pyritic  nature  of  the  ores  is  responsible  for  most  of  these 
fires.  Since  ore  characteristics,  methods  of  mining  and  ventilation,  have 
an  important  influence  on  mine  fires,  they  will  be  described  in  this  paper. 

Orebodies 

The  ores  are  mostly  chalqopyrite  except  on  the  upper  levels  where 
considerable  chalcocite,  black  oxides  and  other  secondary  minerals  occur. 
The  orebodies  are  in  the  form  of  lenses  and  vary  in  size.  Some  are  small, 
while  others  are  several  hundred  feet  in  length  by  a  hundred  or  more  feet 
in  width.  These  orebodies  extend,  in  some  cases^  from  the  surface  to  the 
lowest  levels  of  the  mine  and  usually  at  a  steep  angle  of  inclination. 

There  are  three  different  classes  of  ores,  classified  in  accordance  with 
the  gangue  rock.  The  copper  in  all  cases,  except  as  above  specified,  is 
in  the  form  of  chalcopyrite.  The  largest  and  most  important  of  these 
reserves  are  in  a  pyrite  gangue.  Next  in  order  of  importance  are  the 
schist  ores  and  lastly  the  quartz  porphyries.  The  pyrite,  locally  termed 
iron  ores,  average  from  30  to  42  per  cent,  sulphur.  The  schist  and  quartz 
porphyries  vary  from  3  to  25  per  cent,  sulphur. 

Mining  Methods 

All  the  orebodies  were  worked  by  the  overhand  square-set  method  of 
mining  prior  to  1908;  since  then  the  cut-and-fill,  shrinkage  and  mill-hole 
systems  have  been  largely  employed. 

But  15  per  cent,  of  the  total  tonnage  now  extracted  is  from  timbered 
stopes.  Most  of  this  is  from  the  upper  levels  where  the  ore  is  soft,  heavy 
and  more  or  less  broken  to  the  surface.  Large  reserves  of  these  ores  are 
being  conserved  for  more  efficient  methods  of  mining. 

•  Superintendent  of  Mines,  United  Verde  Copper  Co. 
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There  was  no  choice  in  the  past  with  reference  to  the  methods  of 
working  the  upper  levels  because  the  smelting  plant  and  other  surface 
buildings  were  directly  over  the  orebodies.  Only  such  places  were  worked 
as  were  considered  necessary  and  by  methods  which  caused  as  Uttle  set- 
tling as  possible.  In  most  of  these  places  it  was  necessary  to  use  spiling ^ 
and  to  fill  to  the  roof.  Bulkheads  were  used  on  the  levels  to  retain  the 
gangways  and  were  carried  up  through  the  stopes  for  ore  chutes. 

Top  slicing  could  not  be  used  on  account  of  surface  settling  and  be- 
cause this  method  is  unfavorable,  in  heavy  sulphide  orebodies,  for  the 
control  of  mine  fires. 

The  smelting  plant  and  other  surface  interferences  have  now  been 
removed  and  it  is  planned  to  start  steam-shovel  work  in  the  near  future. 

History  of  United  Verde  Fires 

The  first  fire  of  1894  was  caused  by  spontaneous  combustion,  following 
a  cave.  It  was  not  extinguished  and  the  district  was  bulkheaded  from 
the  remainder  of  the  mine.  The  soft  and  broken  nature  of  the  ground 
in  this  district  was  such  that  the  smoke  and  gas  worked  its  way  over  the 
orebody  on  the  several  different  levels  and  cut  oflf  a  large  productive  area 
of  high-grade  ore. 

Later,  another  serious  fire  occurred  in  the  Chrome  or  quarti- 
porphyry  orebodies,  which  extended  over  a  large  area  and  cut  off  produc- 
tion from  this  district. 

A  third  fire  followed,  cutting  off  the  middle  district  which  lies  between 
the  Chromes  and  Hamptons.  Many  smaller  fires  occurred  in  the  mean- 
time, which  were  extinguished.  There  has  never  been  a  serious  fire  in 
the  schist  orebodies  which  join  the  Hamptons  on  the  south,  yet  there  is 
always  danger  in  that  or  any  other  heavily  timbered  district,  where  the 
ore  carries  any  appreciable  amount  of  sulphur. 

Fire  Slopes 

Many  attempts  were  made  to  extinguish  these  fires  and  recover  the 
large  reserves  of  high-grade  ore.  The  districts  were  first  flooded  with 
water  but,  owing  to  the  large  area  involved  and  the  soft,  broken-up  condi- 
tion of  the  ground,  this  method  was  a  failure.  Sufficient  air  always 
found  its  way  through  fractures  to  feed  the  fire. 

The  next  attempt  to  extinguish  the  fire  was  by  COj  gas.  A  gas- 
generating  plant  was  installed,  pipe  lines  were  laid  and  large  volumes  of 
gas  were  forced  into  the  district,  but  without  effect.  St^am  was  then 
tried  and  was  likewise  a  failure.  Water,  steam  or  COj  gas  will  readily 
extinguish  a  fire  if  the  district  in  which  the  fire  occurs  can  be  tightly  sealed 
up  and  the  extinguishing  agent  brought  into  contact  with  the  fire  in 
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sufficient  quantities.     Fractures  to  the  surface  and  underground  workings 
outside  the  fire  district  made  an  impossible  condition  to  seal  up. 

In  1905,  the  Plenum  system  was  tried  on  this  district  with  success. 
Actual  combustion  was  extinguished  and  the  latent  heat  reduced  to  a 
t«mperature  of  about  120°.     This  work  was  planned  and  directed  by 


—Plan  or  Fiee  Stopeb 


Joseph  J.  Shaw,  a  mining  engiiiccir  from  the  Mountain  Copper  Co.  of 
Keswick,  Cal.,  where  this  system  was  successfully  used.  It  has  been 
used  here  continually  since  its  inception  and  consists  in  forcing  the  air 
under  a  pressure,  varying  from  2  to  5  lb.,  into  the  fire  district.  The  air 
pressure  varies  in  accordance  with  the  gas  pressure  and  must  be  sufEcient 
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to  keep  back  the  gas  and  to  cool  the  ground,  so  that  work  can  be  accom- 
plished. 

When  a  bulkhead,  in  a  connection  leading  to  a  fire  stope,  is  opened 
there  is  invariably  an  outward  pressure  and  rush  of  gas  or  smoke,  which 
must  be  overcome.  The  Plenum  system  consists  in  forcing  the  air  against 
this  gas  at  a  pressure  slightly  greater  than  that  of  the  gas. 

Fig.  1  shows  a  large  fire  stope  on  the  300  level,  with  doors  for  con- 
trolling the  pressure,  and  the  method  of  ventilation.  The  air  is  furnished 
from  the  adit  and  forced  under  pressure  into  the  fire  district.  All  chutes 
and  manways  are  upcast,  and  the  spent  air  and  gases  outlet  to  the  air 
raise  through  connections  on  the  different  floors. 

The  installation  used  With  this  system  consists  of  a  No.  8  double-inlet 
Sirocco  fan,  direct-connected  to  a  50-hp.  variable-speed  General  Electric 
motor;  also  the  necessary  airways,  doors,  etc.  The  air  from  the  fan  must 
be  under  perfect  control  in  order  to  regulate  the  gas.  This  is  accom- 
plished by  doors,  as  shown  in  Fig.  2. 


FiQ.  2. — Sketch  op  Fan  Station. 

An  airway  about  3  ft.  square  and  from  50  to  200  ft.  long  is  connected  * 
to  the  outlet  of  the  fan.  Doors  are  placed  in  the  tunnel  at  both  ends  of 
this  airway.  These  doors  prevent  the  fan  from  drawing  its  own  air,  for 
when  one  door  is  open  the  other  must  be  closed.  All  workings  between 
the  fan  and  the  fire  district  must  be  closed  ofif  by  doors;  otherwise  the  air 
pressure  will  be  reduced  and  trouble  result  from  gas.  Two  doors  are 
always  used  so  that  one  will  remain  closed  when  the  other  is  open.  For 
electric  haulage  these  doors  should  be  from  100  to  200  ft.  apart.  The 
doors  are  made  of  2-in.  grooved  lumber,  and  concrete  frames.  The  air- 
ways are  made  of  lumber  or  concrete. 

With  a  variable-speed  motor  and  the  proper  sjrstem  of  doors,  it  is  an 
easy  matter  to  increase  or  diminish  the  air  pressure  in  order  to  meet  any 
new  conditions  within  the  fire  district. 

When  the  bulkheads  to  this  district  were  first  opened,  the  ground  was 
red  hot.  The  roof  and  walls,  where  opened,  were  aglow.  All  timber  was 
burned  and  the  soft  sulphides,  where  exposed,  were  burning.  The  con- 
tinual blowing  of  air  on  this  hot  mass  gradually  cooled  it,  so  that  within 
a  few  weeks  the  actual  extraction  of  ore  was  imder  way. 

The  timber  often  took  fire  before  it  was  blocked,  making  it  necessary 
to  keep  it  well  sprinkled  with  water.     The  air  reduced  the  temperature 
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from  1,200"*  F.  to  120°  F.  in  about  6  weeks.  The  conditions  gradually 
improved  ^until  the  average  temperature  in  the  fire  stopes  was  100°  F. 
During  recent  years  a  system  of  ventilation  has  been  introduced  whereby 
the  temperature  has  been  reduced  to  about  75°,  except  in  places  that  are 
above  the  line  of  ventilation. 

Formerly  the  air  was  forced  into  these  stopes  and  found  an  outlet 
through  fractiu'es  into  the  other  workings  and  to  the  surface,  with  the 
result  that  none  of  the  upper  levels  were  free  from  gas. 

A  system  of  air  raises  was  driven  in  the  foot  wall  to  the  surface  and 
connections  from  these  raises  to  the  stopes  were  made  at  different  eleva- 
tions. Doors  were  placed  in  these  connections  and  the  air  outlet  thereby 
controlled.  If  an  outlet  is  too  free,  it  will  not  only  release  the  pressure 
and  cause  gas,  but,  by  suction,  will  also  cause  fire.  These  raises  were 
driven  in  ground  that  did  not  require  timbering.  Cast-iron  sets  were 
used  where  necessary  in  the  connections  from  the  raises  to  the  stopes. 
Timber  should  be  avoided  if  possible  in  airways,  since  there  is  a  constant 
danger  of  fire  in  these  places. 

These  stopes  have  now  been  opened  for  11  years  and  fire  occurs  on  an 
average  of  about  once  a  month  in  a  rather  extensive  area  of  old  timbered 
workings.  It  is  therefore  important  to  have  an  efficient  fire-fighting 
organization  and  to  have  good  control  of  the  ventilation.  This  is  an 
important  factor  in  connection  with  mine  fires.  In  the  first  place,  every 
preventive  measure  must  be  used,  and,  in  the  second,  the  ventilation 
must  be  under  absolute  control  in  order  to  extinguish  the  fire. 

An  excess  of  air  increases  the  flames  in  the  same  manner  that  an  open 
draft  increases  the  fire  in  a  stove  or  furnace.  Air  must  be  furnished  only 
in  sufficient  quantities  to  carry  away  the  smoke  so  that  the  firemen  can 
get  at  the  fire.  Where  the  smoke  is  thick  it  is  impossible,  even  with  hel- 
mets, to  handle  the  fire  satisfactorily.  Many  unsatisfactory  results  in 
connection  with  mine  fires  are  due  to  these  causes. 

Causes  of  Mine  Fires 

Probably  90  per  cent,  of  all  underground  fires  in  pyrite  or  heavy  sul- 
phide ores  are  caused  by  spontaneous  combustion.  In  the  fire  district 
of  this  mine,  many  fires  are  due  to  red-hot  dust  dropping  on  the  timbers, 
from  fractures  in  ground  above.  Some  fires  are  from  friction  due  to 
caving,  some  from  defective  electric  wires  or  cables;  others  from  burning 
powder  in  contact  with  timber,  and  a  certain  number  from  incendiarism 
and  carelessness  with  candles,  lamps,  etc. 

Fires  from  spontaneous  combustion  usually  occur  in  the  interior  of  a 
gob  or  filled  stope  and  are  due  to  the  oxidization  of  fine  sulphides  in  con- 
tact with  timber.  Very  small  amounts  of  air  are  necessary  for  spontane- 
ous combustion  and  this  air  works  its  way  through  the  filling  along  the 
line  of  bulkheads,  timber  or  walls,  where  it  comes  into  contact  with  sul- 
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phide  dust.  In  the  process  of  oxidization  this  produces  sufficient  heat 
to  start  a  fire.  This  theory  has  been  proven  here  by  experiments. 
Heavy  sulphides  should  not  be  used  for  filling  in  timbered  stopes.  Con- 
siderable fine  sulphide  ore  is  lost  in  the  fire  stopes  or  in  any  other  heav}' 
ground  where  the  square-set  method  of  mining  is  used  and  where  the  floors 
are  kept  filled  to  the  roof. 

Prevention  of  Mine  Fires 

Careful  consideration  should  be  given  toward  making  heavy  sulphide 
mines  as  fireproof  as  economy  will  permit. 

Main  hoisting  shafts  in  such  properties  should  be  constructed  of  con- 
crete or  other  fireproof  material.  Where  timber  is  used,  a  sprinkling 
system  should  be  installed. 

Mine  methods  should  be  developed  in  which  timber  will  be  eliminated 
as  far  as  possible. 

Heavy  sulphide  material  should  not  be  used  for  filling  in  the  timbered 
stopes.  In  these  places  fine  waste  should  be  used  and  sprinkled  so  that 
it  will  pack  and  make  conditions  unfavorable  for  fire. 

In  fire  stopes  or  stopes  adjacent  to  the  fire  district,  the  timber  next 
to  the  walls  or  ends  should  be  removed. 

Careful  attention  should  be  directed  toward  ventilation  so  that  the 
temperature  will  be  unfavorable  for  fires  to  start. 

In  hot  places  the  timber  should  be  kept  damp  by  sprinkling  with 
water.  Water  should  never  be  put  on  red-hot  or  burning  ground,  as 
this  will  invariable  cause  an  explosion,  one  of  the  great  dangers  in 
handling  mine  fires. 

Water  and  air  lines,  hose  and  hose  connections  and  all  tools  used  in 
connection  with  mine  fires  should  be  kept  convenient  and  in  good  working 
condition  where  fire  is  liable  to  occur. 

Helmets,  pulmotors  or  lungmotors,  electric  lamps  and  supplies  should 
be  kept  in  stock  in  sufficient  quantities  and  convenient  for  immediate  use. 

Carefully  selected  men  should  be  trained  in  the  use  of  the  helmets  and 
resuscitating  machines,  and  in  the  methods  of  fighting  fires.  The  average 
man,  unless  specially  trained,  is  useless  in  fighting  fires.  The  foremen, 
shift  bosses,  electricians,  pumpmen,  watchmen  and  selected  miners  work- 
ing in  dififerent  places  which  are  subject  to  fires  should  familiarize  them- 
selves with  all  things  appertaining  to  the  ventilation,  and  should  know 
just  what  to  do  if  fire  occurs  in  their  respective  places.  Rules  to  this 
effect  should  be  printed,  distributed,  and  understood  by  all  concerned. 

Watchmen  should  inspect  the  air  outlets  often  and  regularly  in  order 
to  detect  smoke  as  soon  as  possible. 

Iron  fire  doors  should  be  erected  in  connections  near  all  timbered 
stopes,  so  that  in  case  a  fire  gets  beyond  control  the  doors  can  be  closed 
and  the  district  quickly  sealed  up,  in  order  to  protect  the  remainder  of 
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the  mine.     Similar  doors  should  also  be  erected  near  timbered  shafts,  air- 
ways, etc.,  for  protection  against  fires. 

A  fire  signal  should  be  in  use  at  all  mines  and  understood  by  all  em- 
ployees. A  practice  signal  should  be  given  occasionally.  The  following 
fire  signal  is  in  use  here: 

"In  case  of  fire,  ring  nine  bells  on  the  electric  cage  call  signal.  The  engineer  on 
receiving  these  bells  will  flash  all  electric  light  throughout  the  mine,  nine  times.  This 
flash  will  be  repeated  three  times  and  followed  by  flashing  the  station  signal  on  which 
level  the  fire  is,  three  different  times.  Carmen  and  all  others  working  where  there  are 
electric  lights  will  notify  those  employed  in  stopes  and  other  places  where  there  are 
no  lights.  The  trained  firemen  on  the  various  levels  will  then  take  charge  of  the 
situation.  Their  first  consideration  wUl  be  for  the  safety  of  the  men  and  then  for 
the  extinguishing  of  the  fire  and  protection  of  property." 

When  a  fire  occurs  in  the  fire  district  no  signal  is  given,  for  the  system 
there  is  such  that  the  fire  can  be  easily  confined  without  danger  from 
smoke  of  gas  to  the  other  parts  of  the  mine. 

When  fire  occurs  in  any  other  part  of  the  mine,  the  signal  is  given  and 
all  men  working  where  there  is  danger  from  suffocation  are  instructed  to 
go  to  the  surface  or  other  places  of  safety.  The  next  step  is  to  get  water 
on  or  over  the  fire  as  quickly  as  possible.  When  the  fire  is  in  the  interior 
of  the  gob,  it  is  sometimes  necessary  to  drift  from  a  chute  or  manway 
through  the  filling  in  order  to  get  at  it.  Often,  however,  the  fire  can  be 
extinguished  by  water  from  above.  This  is  usually  accomplished  by 
driving  holes  in  the  filling  with  a  pinch  bar  and  turning  water  into  these 
holes.  For  this  work,  hose  nozzles  naade  of  1-in.  pipe  with  about  a  %-in. 
hole  are  used.  By  this  method,  water  can  be  scattered  all  over  the  stope. 
It  will  keep  the  fire  from  spreading  and  usually  extinguish  it. 

In  case  a  fire  gets  beyond  control,  the  fire  doors  should  be  immediately 
closed,  after  which  concrete  bulkheads  should  be  erected.  It  is  some- 
times possible  to  extinguish  a  fire  in  a  sealed-up  stope  by  water,  through 
a  diamond  or  churn  drill  hole.  In  sulphide  stopes,  however,  it  is  usually 
necessary  to  burn  the  timber  before  the  stope  can  be  recovered.  A  fire, 
when  apparently  extinguished,  may  start  again  when  the  bulkheads  are 
opened,  unless  the  timber  is  consumed. 

At  the  present  time  one  large  fire  district  here  is  being  experimented 
with  along  these  lines  and  with  apparent  success.  Air  in  small  amounts 
is  gradually  forced  into  the  stopes  to  burn  the  timber.  This  causes  the 
filling  to  settle,  and,  to  avoid  caving,  more  waste  is  put  in^from  above. 

Ventilation 

Ventilation  has  received  considerable  attention  here  during  the  past 
10  years,  not  only  in  the  fire  district  but  throughout  the  entire  mine. 
Sulphide  mines  are  naturally  warm  and  disagreeable  unless  ventilated. 
Natural  ventilation  is  used  where  possible;  otherwise,  fans  are  used  to 
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blow  the  sir  where  it  is  required.  The  ventilatioB  of  the  fire  stopes  iulCT- 
feres  with  the  remainder  of  the  mine,  since  the  air  is  taken  from  its  uaturel 
source  and  forced  into  the  fire  district.  Artificial  ventilation  is  used  for 
the  middle  and  lower  levels. 

Fig.  3  is  a  plan  of  one  level  showing  the  location  of  the  fan  and  the 
method  of  ventilation.    All  levels  are  connected  to  the  air  ruse. 

Fig.  4  is  an  ideal  vertical  section  of  the  orebodiea,  showing  the  direc- 
tion of  the  air  currents,  and  the  methods  of  ventilation. 


Fia.  3.— Plan  Showing  Locatiow  op  Pan  and  the  Method  or  Vbntilatiok. 

Fans  are  installed  in  suitable  places  where  they  can  draw  air  from  the 
outside  and  force  it  into  the  difEerent  workings,  thence  to  the  air  raisa 
to  the  surface.  The  same  airways  and  doors  are  used  as  for  the  fire  dis- 
trict, except  that  no  particular  pressure  is  maintained,  the  air  having  as 
free  an  outlet  as  possible  to  the  surface.  The  ventilation  for  any  particu- 
'  lar  place  or  section  is  regulated  and  controlled  by  doors.  For  the  proper 
ventilation  of  stopes,  the  air  should  have  an  inlet  at  one  end  and  an  outlet 
at  the  other.    Most  air  is  forced  int^o  the  main  working  places  and  only  a 
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sufficient  amount  ia  sent  to  the  old  workings  to  preserve  the  timber  and 
make  conditions  unfavorable  for  fire. 

The  maximum  temperature  in  the  middle  and  lower  levels  is  80*F. 
It  varies  from  60  to  80°  F,  and  averages  about  72°,  with  small  amounts 
of  humidity. 


:m:m 


Conclusions 

For  handling  mine  fires  satisfactorily,  the  Plenum  system  ss  employed 
here  haa  been  a  marked  success,  but  the  mining  methods  in  connection 
therewith  are  necessarily  expensive  and  inefficient. 

Mine  fires  are  the  most  disagreeable  and  dangerous  conditions  that 
are  encountered  in  metal  mining  and  every  possible  precaution  should  be 
exercised  to  prevent  them.  In  addition  to  preventive  measures,  there 
should  be  carefully  trained  firemen  who  thoroughly  understand  how  to 
control  and  extinguish  fires. 


TRANSACTIONS  OF  THB  AMERICAN  INSTITUTE  OF  MINING  ENOINBBR8 

[subject  to  revmign) 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ■hoald  preferably  be  preeented  In  Dereon  at  the 
Arixona  meetinc,  September,  1910,  when  an  abetraot  of  the  paper  will  be  read.  If  this  w  impoaiible, 
then  diaenadon  in  writing  may  be  aent  to  the  Editor,  Amerioan  Inatltute  of  Mining  Englneera,  29  West 
39th  Street.  New  York,  N.  Y.,  for  preeentation  by  the  Seoretary  or  other  repreeentative  of  ita  author. 
UnleH  apeelal  arrangement  la  made,  the  dieewaeion  of  thia  paper  will  eloae  Nov.  1, 1910.  Any  diaeuHion 
offered  thereafter  ahould  preferably  be  in  the  form  of  a  new  paper. 


Cyaniding  Clayey  Ore  at  the  Buckhom  Gold  Mine 

BY  PAUL  R.    COOK,*  B.   8.|   GUAYAQUIL,   ECUADOR 
(Arisona  Meeting,  September,  1910) 

The  ore  deposit  of  the  Buckhorn  Mines  Co.,  Buckhorn,  Nev.,  is 
peculiar  in  being  a  shallow  kaolinized  mass  of  material  with  basalt 
walls,  and  having  apparently  no  direct  connection  with  any  of  the  usual 
gold-bearing  rocks.  The  average  ore  contains  16  per  cent,  water  of 
hydration,  and  the  cyaniding  of  this  hydrous  clayey  material  offered 
unusual  difficulties  as  compared  with  the  typical  gold  quartz  ores  of 
Nevada. 

The  'orebody  was  thoroughly  developed;  then  the  mill  was  built 
according  to  the  latest  cyanide  practice,  with  such  changes  as  were 
thought  to  be  demanded  by  the  peculiar  nature  of  this  ore. 

Upon  starting  the  mill,  the  ore  proved  more  difficult  to  handle  than 
had  been  anticipated.  It  is  hoped  that  an  account  of  how  these  diflBicul- 
ties  were  met  may  prove  of  interest  to  anyone  having  a  clayey  ore  to 
handle  and  to  the  profession  in  general. 

Geology 

The  Buckhorn  orebody  lies  along  a  north  and  south  fault  plane  of 
perhaps  1,000  ft.  dislocation,  that  can  be  traced  for  miles;  but  the  only 
other  known  mineralization  consists  of  similar  ore  in  the  Murphy  mine, 
a  mile  farther  north. 

The  east  or  hanging  wall  is  hard  and  smooth,  being  a  typical  fault 
plane.  The  best  ore  is  along  this  wall,  gradually  grading  down  toward 
the  west  until  at  30  to  60  ft.  it  is  too  low-grade  to  mine.  The  country  rock 
on  the  west  consists  of  alternating  layers  of  hard  and  soft  basalt  and  basalt 
scoria,  pitching  toward  the  mine. 

One  of  these  basalt  layers  on  the  hillside  a  Uttle  above  the  mine  is 
marked,  for  3  or  4  miles  in  length,  by  a  line  of  springs  which  seep  out  along 
it.  Perhaps  the  meeting  of  the  surface  drainage,  passing  down  these 
basalt  layers,  with  the  fault-plane  solutions  explains  the  formation  of  the 
Buckhorn  orebody. 

*  With  Buckhom  mines  during  the  first  year  of  mill  operation  (December,  1913, 
to  December,  1914). 
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Beneath  the  oxide  ore  a  smaller  body  of  almost  pure  marcasite  occurs 
with  about  the  same  assay  value  ($8  per  ton).  Beneath  the  250-ft.  level 
there  appears  to  be  no  further  mineralization. 

Mining 

The  first  difficulty  was  to  get  the  ore  out  of  the  mine.  Since  the  orebody 
extended  from  the  grassrootstoadepthof  175ft.,  withawidthof  50to80ft. 
and  a  length  of  1,400  ft.,  the  "glory-hole"  system  of  mining  was  adopted. 
The  ore  was  broken  through  8-in.  grizzlies  into  18  chutes  extending  from 
the  surface  to  an  intermediate  level,  on  which  it  was  trammed  by  hand 
to  three  chutes  leading  to  the  200-ft.  level,  and  hauled  by  electric  motors 
through  a  1,000-ft.  tunnel  to  the  mill. 


Fig.  1. — Section  through  Orb  Chute. 

In  the  summer  little  trouble  was  experienced;  but  the  ordinary 
rain  and  snowfall  of  a  Nevada  winter  made  it  almost  impossible  to  keep 
the  chutes  open,  as  first  built.  After  reconstructing,  so  as  to  provide  an 
opening  for  barring  at  each  set  of  timbers  (see  Fig.  1),  it  became  possible 
to  keep  the  mill  supplied  with  ore  during  all  kinds  of  weather.  During 
wet  weather  all  the  cars  had  to  be  scraped  with  a  shovel  after  dumping, 
and  unusual  care  was  required  to  keep  a  sticky  load  from  carrying  car  and 
all  into  ore  bin  or  over  the  dump;  30  per  cent,  of  the  tonnage  mined  went 
to  the  waste  dump. 

Milling 


Ore  Bin  and  Crusher 


The  next  problem  was  to  get  the  ore  out  of  the  mill  bin  and  crushed. 
The  bin  was  an  ordinary  circular  steel  bin,  with  natural  earth  bottom  and 
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side  gate.  This  ore  absolutely  refused  to  run  from. the  bin.  The  mill  was 
built  to  treat  300  tons  a  day,  but  even  with  one  man  in  the  ore  bin,  and 
two  at  the  crusher,  it  was  impossible  to  get  over  150  tons  through  in  24 
hr.  The  large  kaolin  lumps  gave  the  most  trouble  in  crushing.  They 
had  to  be  practically  chiseled  to  pieces  and  poked  through  the  jaw  crusher 
by  hand. 

The  replacement  of  the  jaw  crusher  with  a  high-speed  toothed 
roll  (see  Fig.  2)  gave  the  desired  crushing  capacity.  This  machine  was 
developed  at  one  of  the  Bingham  Canyon  (Utah)  properties,  and  is  manu- 
factured by  a  Salt  Lake  firm.  It  is  well' adapted  for  sticky  ores.  The 
Buckhorn  ore  contains  an  occasional  "nigger  head"  of  very  hard  "mal- 
api"  or  basalt.  The  mill  crew  was  afraid  one  of  these  would  break  ofif  the 
teeth  of  the  crusher  shell,  and  they  were  very  carefully  picked  out  at  first, 


FiQ.  2. — Section  through  Wall  Crusher  Shells. 

but  after  a  few  had  gone  through  by  accident,  and  a  few  pieces  of  driU 
steel,  etc.,  had  been  chopped  up,  no  further  concern  was  felt.  All  the 
boulders  that  had  been  sorted  out  were  later  put  through  as  it  was  found 
that  the  easiest  way  to  keep  the  teeth  free  of  adhering  clay,  was  occasion- 
ally to  throw  in  a  boulder  of  hard  rock. 

To  do  away  with  the  necessity  of  a  man  on  each  shift  to  shovel  the 
ore  out  of  the  bin,  a  36-in.  conveyor  belt  was  installed  to  feed  the  qrusher 
automatically.  The  opening  in  the  bottom  of  the  bin,  over  the  belt,  was 
about  2  ft.  wide,  and  extended  clear  across  the  bin.  It  was  closed  by 
means  of  short  pieces  of  mine  rail  that  could  be  removed  a  few  at  a 
time,  permitting  the  ore  to  be  drawn  from  any  point  desired.  The 
belt  was  driven  from  the  crusher  line  shaft  by  means  of  ratchet  and 
dogs.  It  could  be  started  or  stopped,  from  either  floor  of  the  crusher 
building,  by  means  of  a  rope  connected  with  the  dogs.     With  these 
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improvements,  crushing  required  only  a  part  of  one  man's  time.  Two 
men  each  s)iift  attended  to  crusher,  rolls,  two  ball  mills,  two  classifiers 
and  two  tube  mills. 

Rolls 

The  45  by  15-in.  Anaconda-type  rolls  with  smooth  shells  would  clear 
themselves  fairly  well,  if  one  of  the  shells  had  a  channel  about  1  in.  wide  by 
J'^  in.  deep  machined  in  it,  but  it  was  troublesome  to  keep  a  groove  in  the 
shells  as  they  wore  down.  A  corrugated  or  toothed  shell  would  have  been 
better  for  this  ore. 

Ball  Mills 

One  6-ft.  Hardinge  ball  mill  was  intended  to  handle  the  whole  tonnage. 
After  plastering  the  balls  to  the  side  of  the  mill  with  clay,  a  few  times,  the 
shiftmen  learned  to  tell  by  the  sound  of  the  mill,  when  it  was  beginning  to 
coat  up.  By  shutting  oflf  the  feed  at  this  time,  it  took  only  a  few 
minutes  for  the  coating  to  be  ground  out. 

The  installation  of  a  duplicate  ball  mill  made  it  possible  to  keep  the 
rest  of  the  plant  going  while  grinding  out  the  ball  mills,  one  at  a  time, 
and  allowed  the  rolls  to  be  set  coarser  on  troublesome  ore.  With  a  good 
run  of  ore,  300  tons  per  day  was  sometimes  put  through  one  mill. 


Classification  and  Tube  Milling 

This  ball  mill  discharge  was  classified  in  two  36-in.  Akins  classifiers,  the 
sand  from  which  was  fed  to  two  5  by  18-in.  tube  mills  with  Komata  liners. 
The  tube-mill  discharge  was  classified  in  a  home-made  drag  classifier. 
The  small  percentage  of  material  requiring  regrinding  consisted  largely  of 
fragments  of  the  basalt  "nigger  heads."  This  material  was  almost  b$ 
hard  as  the  pebbles  themselves  and  of  low  assay  value.  Occasionally 
it  accumulated  in  the  circuit  enough  to  be  troublesome  and  was  thrown 
away.  A  small  amount  of  it  was  thought  to  help  the  grinding.  About 
80  per  cent,  of  the  product  delivered  to  the  treatment  plant  would  pa<«  a 
150-mesh  screen. 

Agiiation 

About  80  per  cent,  of  the  mill-head  value  was  dissolved  in  the  crusher 
plant.  Only  a  trifling  additional  extraction  could  be  obtained  either  in 
the  mill  or  experimentally.  The  real  trouble  was  to  remove  the  dissolved 
value  from  the  clayey  pulp.  Accordingly  the  three  32  by  14-ft.  Dorr 
agitators  were  changed  to  thickeners. 


paul  r.  cook  1559 

Thickening 

These  three  ''converted"  agitators  settled  300  tons  per  day  of  1  to 
10  pulp,  as  delivered  from  crusher  plant,  to  a  specific  gravity  of  1.15. 
The  8  sq.  ft.  of  settling  area  provided  per  ton  of  this  ore  settled  in  24  hr. 
would  be  sufl&cient  to  settle  an  average  Nevada  quartz  ore  to  a  specific 
gravity  of  1.33.  The  overflow  was  precipitated,  and  the  underflow  mixed 
with  the  barren  Solution  and  fed  to  six  36  by  12-ft.  Dorr  thickeners, 
delivering  a  1.23  specific  gravity  underflow  to  the  filters.  The  20  sq. 
ft.  of  settling  area  per  ton  settled  in  24  hr.  is  three  times  the  area 
required  to  settle  an  average  Nevada  quartz  ore  to  a  specific  gravity 
of  1.33.  Primary  thickeners  were  held  with  2  ft.  of  clear  solution;  the 
secondary  thickeners  with  6  in.  It  was  impossible  to  settle  the  raw 
Buckhorn  ore  beyond  a  specific  gravity  of  1.26,  either  in  the  mill  or 
experimentally. 

Filtering 

The  maximum  capacity  of  each  of  the  four  14-ft.  diameter  by  12-ft. 
face  Oliver  filters  was  50  tons  per  day,  about  one-half  their  capacity,  on  a 
Nevada  quartz  ore.  An  ^.dditional  filter,  14-ft.  diameter  by  24-ft.  face, 
had  to  be  installed  to  handle  300  tons  per  day. 

Dehydration 

A  sample  of  Buckhorn  ore  carefully  dried  at  a  temperature  below  110° 
C.  had  a  specific^  gravity  of  1.9.  A  higher  temperature  gave  an  additional 
loss  of  16  per  cent,  in  weight,  and  entirely  changed  the  physical  properties 
of  the  ore.  The  dehydrated  sample  had  a  specific  gravity  of  2.4,  and 
settled  and  filtered  almost  as  well  as  a  quartz  ore.  Dehydrating  also 
removed  the  sticky  milling  qualities.  Both  samples,  however,  gave  the 
same  extraction  with  cyanide.  The  temperature  of  a  laboratory  electric 
hot  plate  was  sufficient  to  dehydrate  a  sample  nicely.  As  CO2,  etc.,  would 
not  be  driven  ofif  at  this  temperature,  this  loss  in  weight  must  be  due  to 
water  of  hydration. 

With  a  cheap  fuel  supply,  dehydration  before  milling  would  be  the  best 
treatment  for  this  class  of  material.  The  ore  would  mill  and  classify 
more  easily;  the  thickeners  and  filters  would  have  normal  capacity;  and 
dissolved  values  would  be  more  completely  removed.  The  temperature 
of  a  commercial  drier  would  dehydrate  the  ore  with  about  the  same  fuel 
consumption  (100  lb.  of  coal  per  ton  of  ore)  as  in  removing  the  18  per 
cent,  of  H2O  if  it  existed  in  the  form  of  moisture. 

The  high  price  of  fuel  delivered  at  Buckhorn  prevented  the  adoption 
of  dehydration  at  this  mill.  The  ore  was  milled  raw  at  the  cost  of  $1.59 
per  ton  (see  Table  1).     Power  cost  $8  per  horsepower  per  month. 


1560  CYANIDINa   CLAYEY   ORE  AT  THE  BUCKHOBN  GOLD  MINE 

The  careful  drying  at  a  temperature  below  110°  C.  of  a  large  number  of 
samples,  with  the  equipment  of  an  ordinary  cyanide  plant  assay  office, 
would  be  a  rather  tedious  operation;  so  the  regular  moisture  and  assay 
samples  at  Buckhorn  were  dehydrated.  All  assay,  moisture,  tonnage, 
etc.,  figures  are  on  this  basis. 

To  compare  with  other  ores  the  figures  obtained  by  drying  below  110° 
C.  should  be  used.  Both  sets  of  figures  are  given  in  Table  2.  Table 
3  shows  the  mill  flow  sheet. 

*Table  1. — Buckhorn  Mining  and  Milling  Costs 
Ore  Milled,  10,000  Wet  Tons,  8,100  Dry  Tons,  H,0  19  Per  Cent. 

Mining 
Ore  Breaking: 

Per  Ton 

Labor $0,259 

•  Supplies 0.098    $0,357 

Tramming  lOO-ft.  Level: 

Labor 0.044 

Supplies 0.002      0.046 

Timbering 0.013 

Electric  Haidage: 

Labor 0.084 

Supplies 0.006 

Power 0.022      0.112 

General  Expense: 

Surface  drainage 0.004 

Haulage  tunnel  repairs 0 .  039 

Assaying  and  sampling 0.027 

Surveyor 0.011 

Superintendence 0 .  067 

Incidentals 0.024 

Development 0.083 

Overburden  and  waste 0. 174      0.429 

Grand  Total $0,957 

Milling 
Crusher  and  Rolls  (Wall-toothed  Roll  and  45-in.  Roll) : 

Per  Ton 

Labor $0,057 

Supplies 0.003 

Power 0.034    $0,094 

Hardinge  BaU  Mills  (Two  6-ft.  MUls) : 

Labor 0.050  » 

Supplies 0.026 

Power 0.076      0.162 
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Elevating  and  Separating  (Two  36-in.  Akins  Classifiers) : 

Labor 0.006 

Supplies 0.001 

Power 0.002      0.009 

Tube  MiUing  (Two  5-ft.  by  1  Wt.) : 

Labor 0.011 

Supplies 0.049 

Power 0.092      0.162 

Agitation  (Three  32-f t.  by  4-f t.  Dorrs) : 

Labor 0.028 

Supplies 0.006 

Power 0.027      0.061 

Chemicals: 

Cyanide 0.218 

Lime 0.293 

Lead  acetate 0.024      0.635 

Contintuma  Decantatian  (Six  36-f t.  by  12-f t.  Dorrs) : 

Labor 0.004 

Power 0.017      0.021 

Filtering  and  Discharging  (Six  14-f t.  by  12-f t.  Olivers) : 

•  Labor 0.062 

Supplies 0.046 

Power 0.088      0. 196 

PrecijnXalion: 

Labor 0.026 

Supplies 0.067 

Power 0.019      0.  Ill 

Return  Pumping: 

Labor 0.009 

Power 0.012      0.021 

Refining: 

Labor 0.023 

Supplies 0.021 

Power 0.001      0.046 

Assaying  and  Sampling: 

Labor 0.018 

Supplies 0.008      0.026 

Superintendent  and  Foremen 0 .090 

Experiments 0.010 

General  Expense 0.043 

Water  Supply 0.021 

Grand  Total  Milling $1 .686 

Grand  Total  Mining 0.967 


Grand  Total  Mining  and  MUlirig $2 .  66 
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Table  2. — Milling  Data 


Fiffureei 
Denydrai 

HiO, 
Percent. 

Obtained  by 
king  Samples 

Figures  0 
Drying   B 

btained  by 
elow  110»  C. 

1.9  Specific 

Gravity, 

Dry  Tona 

Comparatire 

Figure  far 

Quarts. 

2.7  Speeifie 

Grarity 

2.4  Spedfio 

Gravity, 

Dry  Tona 

8,100 

Moisture, 
Per  Cent. 

4 

Ore  milled  per  month,  10,000  grow 

tonfl 

19 

9,600 

2  per  cent.  HtO 

Ore  milled  per  day,  333  grow  tona. . 

19 

270 

4 

320 

2  per  oent.  HiO 

Ball  mill  diacharge,  speeifio  grav- 
ity. 1.439 

48 

270 

36 

320 

Tube  mill  diacharge,  specific  grav- 
ity   1.394 

52 

234 

40 

279 

Specific    gravity. 

• 

1  64;  moisture,  38 
percent. 

i 
Akina  claaaifier,  sand  product |       38 

1 

175 

26 

208 

Moisture.  24    per 
cent. 

Slime  to  treatment  plant,  specific 

i»f>a.vif  V     1   045       

1 

1 

1  to 
1     11.5 

270 

1  to 
1  to  2.67 

320 

1  to  7.  BDecific 

gravity.  1.08 

Primary      thickeners      underflow, 
specific  gravity,    1.15;  settling 

nren.    R  iia    f  1   Der  ton 

1 

1  to  3.5 

270 

320 

1   to  2,    specific 

gravity,   1^6  or 
better. 

Secondary     thickener     underflow, 
specific  gravity,    1.23;    settling 
area,  20  sq.  ft.  per  ton 

1  to  2.1 

270 

1  to  1.6 

320 

1  to  1,    specific 
gravity,  1.46  or 
better. 

VilfjAr  ftuke        • >  >  - 

43 

270 

1 

1 

30 

320 

Moisture.   29  oer 

cent. 
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Table  3. — Flow  Sheet. 
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Overaiie 

i 
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2  Mt.  Hardinge  BaU  Mills 
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2  36-in.  Akina  Claasifiera 

I 


Slime 


2  8-ft 

I 
Underflow 

i 


.  Cail( 


i 
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i 
Overflow 


i 
Band 


2-6  by  18  ft.  Tube  Mills 

! — ^ 

Homemade  Drag  Classifiers 


1 


1 
Sand 

.     i 


I 
(]X)46  sp.  gr.    270  dry  tons.    85  per  cent.  -  100  mesh.) 
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i 
Slime 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  bbyibion) 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  perw>ii  at  the 
Arixona  meetinc,  September,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  v  impossible, 
then  discussion  In  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Minins  Engineers,  39  West 
39th  Street|  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1916.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Possibilities  in  the  Wet  Treatment  of  Copper  Concentrates 

BT  LAWBENCE   ADDICKS,*  B.   8.,   NEW  TORE,   N.  T. 
(Arisona  Meeting,  September,  1916) 

At  the  San  Francisco  meeting  of  the  Institute  last  year,  I  presented, 
through  the  courtesy  of  Dr.  James  Douglas,  some  results  of  experiments 
on  the  roasting  and  leaching  of  concentrator  tailings.  After  it  became 
apparent  that  flotation  rather  than  leaching  was  clearly  the  better 
method  of  handling  the  particular  problem  under  consideration,  before 
dismantling  the  experimental  equipment,  some  data  were  secured  on 
roasting  and  leaching  the  concentrate  itself  in  competition  with  smelting. 
Some  of  the  results  obtained  are  given  in  the  following  paper  and  they  are 
of  particular  interest  at  this  time  in.  view  of  the  large  quantities  of  flota- 
tion concentrates  with  their  somewhat  difficult  smelting  characteristics 
now  being  produced. 

A  complete  wet  processf  consists  of  roasting  and  leachii^  the  calcines 
in  dilute  sulphuric  acid  produced  from  the  roaster  gases,  roasting  the 
residue  with  salt  and  leaching  with  dilute  tower  Uquors  (the  well-known 
Longmaid-Henderson  process)  and  recovering  the  copper,  silver  and  gold 
by  cementation  or  electrolysis  or  a  combination  of  both.  It  is  evident, 
however,  that  the  residue  from  the  first  leaching,  carrying  about  20  per 
cent,  of  the  copper. and  all  of  the  silver  and  gold,  can  be  smelted  if  pref- 
erable. In  considering  the  application  of  the  scheme  to  individual 
cases,  it  must  be  remembered  that  freight  plays  a  large  part  in  any 
reduction  process  wherein  smelting  is  not  conducted  at  the  mouth  of  the 
mine,  and  that  it  is  not  practicable  today  to  build  small  smelting  plants 
for  individual  operations. 

The  experiments  may  be  grouped  under  four  main  heads:  Roasting, 
leaching,  chloridizing  residue,  and  recovery  of  copper  from  solutions. 
The  products  of  two  concentrators  were  used :  The  Nacozari  concentrates 
were  the  product  of  a  large  modern  mill  not  using  flotation,  the  copper 
mineral  being  largely  chalcopyrite;  and  the  Tyrone  concentrates,  the 
product  of  an  experimental  mill  including  flotation,  the  copper  mineral 
being  chiefly  chalcocite.     Typical  analyses  would  be  as  follows : 

*  Consulting  Engineer.  t  Patent  applied  for. 
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Copper,  per  cent 14.0  14.0 

Silver,  ounces  per  ton 4.0  O.S 

Gold,  ounces  per  ton 0.01  Trace 

Iron,  percent 31.0  28.0 

Sulphur,  per  cent 34.0  30.0 

Silica,  per  cent 13.0 

Alumina,  per  cent 3.0 

Lime,  per  cent 0.6 

HI        in       «.        on        inn      <«     ..n       IM      IgQ       MO     MO     W 

'  -1 1 1 1 1 


Fto.  1. — Screen  Analtbes  of  Concentrates  Calcines. 
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Fig.  1  shows  screen  analyses  of  calcines  obtained  by  dead  roasting  the 
two  concentrates  as  described  later.  Fig.  2  shows  the  analysis  of  the 
calcines  for  copper,  sulphur  and  iron  for  each  screen  size.  The  Nacozari 
concentrate9  carry  considerable  coarse  jig  product  while  the  Tyrone 
material  comes  from  an  ore  where  the  values  are  finely  disseminated  and 
the  quantity  of  100-mesh  is  quite  marked.  The  presence  of  the  flotation 
concentrates  in  the  Tyrone  material  brings  up  the  copper  contents  of  the 
fine  sizes. 

Roaating 

The  object  in  roasting  is  to  make  as  much  of  the  copper  and  as  little 
of  the  iron  as  possible  soluble  in  dilute  sulphuric  acid.  The  work  is  simi- 
lar to  roasting  pyrites  fines  in  sulphuric  acid  manufacture,  except  that 
this  solubility  ratio  rather  than  the  complete  utilization  of  sulphur  is  the 
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Fio.  3. — Nacozari  Concentrates  Roasted  in   18-Ft.   Six-Hearth  McDougall 
Furnace  and  Leached  in  4  Per  Cent.  Sulphuric  Acid  in  Laboratory. 

controlling  factor.  Small-scale  work  is  not  very  satisfactory  as  a  guide  to 
possible  results  as  it  is  practically  impossible  to  prevent  overheating  due 
to  rapid  oxidation  of  sulphur  in  a  laboratory  experiment.  An  18-ft., 
water-cooled,  six-hearth  McDougall  was  used,  the  speed  of  rotation 
being  gradually  cut  down  until  dead  roasting  conditions  were  obtained. 
Greater  tonnages  could  doubtless  have  been  obtained  in  a  seven-hearth 
furnace. 

Many  samples  were  taken  from  various  hearths  and  the  acid-soluble 
copper  and  iron  determined  by  leaching  with  4  per  cent.  H2S04'in  the 
laboratory.     The  results  of  these  tests  are  given  in  Figs.  3  and  4.    The 
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results  of  tests  on  a  series  of  sixth-hearth  samples  to  determine  the  rela- 
tion between  tonnage  and  sulphur  elimination  are  plotted  in  Fig.  5.   It  is 
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Fio.  5. — RoABTBR  Capacity  vs.  Eliuination  of  Sulphur. 

evident  that  the  chalcocite  can  be  oxidized  much  more  readily  than  the 
chalcopyrite,  although  size  of  particles  has  something  to  do  with  this.  An 
investigation  of  the  solubilities  of  the  various  sizes  of  particle  was  caniw 
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out  by  Bcreening  some  of  the  calcines,  as  shown  in  Fig.  6.  As  would  be 
expected,  the  finer  particles  are  the  more  thoroughly  oxidized ;  the  jig  prod- 
uct in  the  Nacozari  concentrate  is  one  reason  for  the  poorer  results 
obtained  in  the  treatment  of  this  material. 

In  general,  these  large-scale  experiments  indicate  the  possibility  of 
reasonably  obtaining  the  results  desired — ^high  copper  and  low  iron  solu- 
bility— but  it  is  obvious  that  the  residue  after  leaching  will  contain 
sufficient  copper  values  to  require  retreatment,  aside  from  the  fact  that 
any  silver  and  gold  will  remain  in  this  residue. 

Hwb  + 


Fig.  6. — Rhlattvb  Solubilitibs  or  Vakious  Sized  Pabtici-bs  of  Calcini 


Leaching 

As  shown  in  the  paper  presented  last  year,  such  satisfactory  results  in 
the  extraction  of  copper  values  from  tailings  were  obtained  by  dumping 
the  hot  calcines  from  the  furnace  into  a  leaching  trough,  the  few  seconds' 
agitation  thus  obtained  extracting  almost  as  much  as  prolonged  treatment 
in  other  apparatus,  that  the  same  idea  was  tried  out  with  the  concen- 
trate calcines.  It  was  not  possible,  for  various  reasons,  to  handle  the 
output  of  the  furnace  directly,  so  the  calcines  were  stored  and  then  fed  to  a 
bucketelevator  which  in  turn  delivered  intoaV-troughin  which  the  leach- 
ing liquor  was  flowing.  The  results  were  here  disappointing,  as  although 
there  was  instant  extraction  of  perhaps  half  of  the  soluble  copper,  a  pro- 
longation of  the  trough  to  give  60  sec.  travel  did  not  greatly  increase  this 
amount.  It  was  definitely  shown  in  the  laboratory  as  well  that  pro- 
longed agitation  was  necessary  to  extract  all  of  the  soluble  copper.     The 
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leaching  trough  delivered  into  an  acid-proof  drag  consiBting  of  an  endless 
belt  with  angle  rakes,  of  the  type  commonly  used  in  concentrators  for 
dewatering.  This  acted  more  or  less  as  a  classifier,  the  very  fine  residues 
being  carried  over  with  the  liquor,  from  which  they  were  subsequeotly 
separated  by  settling.  As  this  still  gave  insufficient  agitation  to  the 
sands,  a  Parral  tank  was  tried,  but  it  was  found  that  they  were  too  heavy 
to  yield  readily  to  any  sort  of  air-lift  agitation.  A  Dorr  classifier  was 
then  added  to  the  apparatus  and  this  did  better.  It  was  found,  however, 
that  it  was  necessary  to  pass  the  residues  six  or  seven  times  through  the 
leaching  process  in  order  to  obtain  an  extraction  equal  to  that  shown  by 


Fig.  7. — Experimental  Lbachino  Plant. 

laboratory  teats  on  the  calcines.  Fig,  7  gives  a  general  view  of  the 
leaching  apparatus. 

The  large-scale  leaching  tests  were  confined  to  the  Tyrone  material,  a 
lot  of  30  tons  of  calcines  from  some  of  the  roasting  tests  being  used.  The 
first  runs  on  a  lot  of  17  tons  of  not  quite  dead-roasted  material  nmning4 
per  cent,  sulphur  gave  results  that  were  satisfactory  except  in  that  too 
much  iron  was  dissolved,  causing  a  needless  consumption  of  acid  and 
embarrassing  any  electrolytic  scheme  of  recovery.  Later,  better-roasted 
material  was  available  and  a  careful  record  kept  of  the  metal  balance  and 
acid  consumption,  with  the  results  shown  in  Table  1. 

These  figures  check  reasonably  close  by  except  in  the  case  of  iron;  but 
it  must  be  remembered  that  various  iron  parts  in  the  apparatus  used  were 
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Tablb  I. 


Time  Throuch 

Per  Cent.  Cu  in  Taila 

Trough  Fed 

Dorr  Fed 

Ist 

7.7 
6.0 
5.2 
3.6 
3.3 

Acid 
Acid 
Acid 
Acid 
Acid 

Water 

Water 

Water 

Acid 

Water 

2d 

3d 

4th 

5th 

Extraction  by  Heads  vs.  Tails 


Weight, 
Pounds 


Copper 


Iron 


Alumina 


Per 
Cent. 


Pounds 


Per 
Cent. 


Pounda 


Per 
Cent. 


Heads 

Taila 

Extraction 

Extraction  per  lb.  of  Cu . 


8,360 
5,600 


15.48 

1,292 

31.00 

2,590 

5.60 

3.50 

196 

43.52 

2,440 

7.02 

84.70 

1,096 

5.80 

150 

16.00 

•   •  • 

1.00 

•   •  • 

0.14 

•   ■   • 

Pounds 


468 
393 
75 
0.07 


Extraction  by  Analysis  of  Liquors 


Weight, 
Pounds 


Heads !  51,538 

Tails ■  86,910 

Extraction 

Extraction  per  lb.  of  Cu . 


Copper 


Iron 


Per 

Cent. 


Pounds 


Per 

Cent. 


Pounds 


Alumina 


(Snt.  '     Pounds 


0.46 

1.46 

80.00 


238 
1,271 
1,033 
1.00 


0.20 

0.76 

21.30 


104 
657 
553 
0.53 


0.47 

0.45 

31.90 

•    •    • 


246 
395 
149 
0.14 


attacked  by  the  liquor,  which  would  artificially  increase  the  iron  taken 
into  solution. 

The  acid  consumption  was  2,495  lb.  of  100  per  cent.  H2SO4  for  the  run. 
This  is  equivalent  to  2.28  lb.  per  pound  of  copper  extracted.  Laboratory 
tests  on  the  same  calcines  indicated  2.0  lb.  The  leaching  was  done  at  about 
125°  F.  with  5.6  per  cent,  free  acid  in  the  liquor  entering  the  trough. 

In  general,  when  a  15  per  cent,  copper  calcine  is  fed  to  the  trough, 
the  residue  at  the  end  of  the  trough  will  run  about  8  per  cent.  Cu,  the 
extraction  representing  the  instantaneously  soluble  copper.  This  resi- 
due can  be  brought  down  to  about  3.5  per  cent.  Cu  by  suitable  agitating 
means,  with  a  consumption  of  a  little  over  2  lb.  of  acid  per  pound  of  copt 
per,  and  with  the  extraction  of  but  little  iron.  The  final  residue  weighs 
only  about  60  per  cent,  of  the  original  concentrate  before  roasting. 
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Fio.  8. — CHLOBiDiEtNO  Leached  Concentratbb  Cai.cines. 
Roasted  IM  Hr.  at  076°  P.  with  Addition  of  Salt  and  10  Per  Cent.  Raw  ConcentnUa. 
Calcinee:  5.6  Per  Cent,  Copper,  1.9  Oz.  Silver  and  2.5  Per  Cent.  Sulphur. 
Raw  Concentrates:  14.4  Per  Cent.  Copper,  0.65  Ob.  Silver  and  34  Per  Cent 
Sulphur. 
iJquor:  5  Per  Cent.  Na,  SOi,  5  Per  Cent.  Na  CI,  5  Per  Cent.  Fe  Q. and  0.5  Per 
Cent.  HCl  -|-  HiSO,. 


Per  Cant  Raw  ConcmtnUa  Addgd  bafon  Ksut 
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Chloridizing  Residue 

No  large-scale  work  was  done  on  the  chloridizing  of  the  residues  from 
the  first  leaching.  '  The  analysis  of  these  residues,  however,  differs  from 
that  of  pyrites  cinder,  so  long  successfully  treated  by  this  process,  only  in 
the  amount  of  silica  present.  Various  small-scale  experiments  were  tried 
and  50  lb.  or  so  were  sent  for  test  to  a  plant  where  the  Longmaid-Hender- 
8on  process  was  in  operation.  Both  sets  of  experiments  were  entirely 
satisfactory. 

A  small  lot  of  leached  residues  was  prepared  for  test.  These  con- 
tained 5.6  per  cent.  Cu,  l.d  oz.  Ag,  and  2.5  per  cent.  S.  Raw  concentrates 
for  adjusting  the  sulphur-copper  ratio  were  used,  containing  14.4  per  cent. 
Cu,  0.55  oz.  Ag,  and  34  per  cent.  S.  Fig.  8  shows  the  extractions  with 
varying  percentages  of  common  salt  added  to  the  ''mix"  after  roasting  in 
an  electric  muffle  fmrnace  1 J^  hr.  at  975**  F.  and  leaching  in  a  liquor  carry- 
ing 5  per  cent.  Na2S04,  5  per  cent.  NaCl,  5  per  cent.  FeCla,  and  0.5  per 
cent.  HCl  +  H2SO4.  Fig.  9  shows  the  effect  of  varying  the  sulphur  ratio. 
The  results  show  a  99  per  cent,  copper  and  a  79  per  cent,  silver  extrac- 
tion. The  report  on  the  lot  of  residues  sent  away  fully  confirmed  these 
results. 

Recovery  of  Copper  from  Solutions 

The  liquor  from  the  chloridizing  plant  would  doubtless  be  reduced  to 
argentiferous  copper  cement  by  iron.  But  20  per  cent,  of  the  original 
copper  is  involved.  The  sulphate  liquor  from  the  first  leach  could  be 
precipitated  on  iron  if  desired,  or  with  certain  limitations  would  be 
suitable  for  electrolytic  deposition  of  the  copper  and  regeneration  of  the 
acid.  Sulphide  concentrates  carry  from  1  to  2  lb.  of  sulphur  per  pound  of 
copper,  equivalent  to  from  3  to  6  lb.  of  100  per  cent.  H2SO4,  less  process 
losses,  if  the  roaster  gas  is  oxidized  to  sulphuric  acid.  Since  the  leaching 
calls  for  but  a  little  over  2  lb.  of  acid  per  pound  of  copper,  plus  tailings 
losses,  it  would  seem  possible,  therefore,  to  figm-e  on  a  simple  cementation 
plant,  considering  electrolysis  as  a  competitor  on  a  basis  of  relative  profit 
and  not  of  necessity. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  shoiild  prafermbly  be  pnMntod  In  person  et  the 
Arisona  meetins,  September,  1016,  whenenebetrsetof  thepeper  willbe  read.  If  tUe  ie  impoMible, 
then  diseuMton  in  writinf  mey  be  tent  to  the  Editor,  Amexiean  Inatitute  of  Mining  Engineen,  29  West 
30lh  Street,  New  York,  N.  Y.,  for  preaentetion  by  the  Seeretary  or  other  repreeentative  of  ite  author. 
UnlaM  special  arrancement  is  made,  the  discussion  of  this  paperwiU  close  Nov.  1, 1016.  Any  discussion 
offersd  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Smelting  at  the  Arizona  Copper  Co.'s  Works 

BY   P.    N.   FLTNN,*   CLIFTON,    ARIZ. 
(Arisona  Meeting,  September,  1016) 

Introductory 

In  1882,  The  Arizona  Copper  Co.  Ltd.,  acquired  producing  copper 
mines  at  Metcalf  and  Morenci  (locally  called  Longfellow).  Metcalf 
is  situated  a  distance  of  7  miles,  and  Morenci  a  distance  of  iS  miles  from 
the  general  office  of  the  company  at  Clifton,  Ariz.  A  reduction  works 
with  five  blast  furnaces  was  built  in  the  center  of  the  town  of  Clifton  in 
1884  and  operated  until  January,  1914. 

Concentration  of  oxidized  ores  was  begun  in  1890-1891,  in  a  mill 
built  adjoining  the  smelter,  and  in  October,  1893,  a  leaching  process  was 
started  for  treating  tailings  from  the  oxide  mill.  A  sulphide  concentrator 
with  300  tons  capacity  was  built  at  Clifton  and  started  treating  chalcocite 
ores  in  July,  1896.  This  was  the  first  mill  to  treat  low-grade  copper- 
sulphide  ores  successfully.  Another  concentration  mill  for  sulphide  ores 
was  erected  at  Morenci  in  1900.  The  sulphide  mills  are  now  being  re- 
modeled to  treat  ores  by  concentration  and  flotation,  with  a  capacity 
of  4,000  tons  at  Morenci  and  500  tons  at  Clifton.  The  leaching  plant 
has  not  been  running  since  September,  1914. 

The  average  yearly  production  from  this  company's  mines  and 
reduction  works  from  1885  to  date  has  been: 

Pounds 

10  years  ended  1894 6,864,902 

10  years  ended  1904 20,439,614 

10  years  ended  1914 32,665,905 

Part  of  year  1916,  to  Sept.  12 30,206,106 

4  months  of  1916,  to  June 16,964,840 

June,  1916 4,900,000 

Construction  on  a  new  smelting  plant  was  started  in  February,  1912, 
and  finished  in  February,  1914.  In  the  Transactions ,  vol.  49,  E.  Horton 
Jones  published  "Unit  Construction  Costs  from  the  New  Smelter  of  the 
Arizona  Copper  Co.,  Ltd.,"  which  fully  describes  the  construction  of 
this  plant,  with  details  of  costs. 

*  Superintendent  of  Smelting  Department,  The  Arizona  Copper  Co.,  Ltd. 
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FiQ.  1. — Flow  Shebt  op  the  Arizona  Copper  Go's.  Smelting  Plant. 
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The  new  smelter  site  is  on  gently  sloping  ground,  2  miles  below  the 
town  of  Clifton,  and  close  to  the  San  Francisco  River.  The  Arizona 
&  New  Mexico  standard-gage  railroad  and  the  Coronado  narrow-gage 
railway  serve  the  plant.  Smelter  yard  standard-gage  trackage  consists 
of  2.38  miles  for  steam  locomotives,  and  1,72  miles  for  electric  haulage. 

Reference  to  the  accompanying  flow  sheet  will  assist  in  following 
description  of  smelting  practice  at  the  new  smelter. 


Roaster  Division 

Roaster  equipment  consists  of  eight  Herreshoflf  furnaces  with  steel 
shells  21  ft.  7  in.  in  outside  diameter.  Hearths  and  linings  in  the  different 
furnaces  are  built  of  materials  as  shown  in  the  accompanying  table. 

Hearth  and  Lining  Materials  in  Herreshoff  Roasting  Furna^ces 
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Red  brick 

Firebrick 

Slag- 

Firebrick 

Firebrick 

Firebrick 

2-in. 

Redbrick 

shapes 

concrete 

shapes 

shapes 

shapes 

concrete 

3 

Redbrick 

Firebrick 

Rlag- 
concrete 

Firebrick 

Slag- 
concrete 

Brick- 
concrete 

2-in. 
concrete 

Rad  brick 

4 

Red  brick 

Firebrick 

Firebrick 

Gravel- 
concrete 

Gravel- 
concrete 

Gravel- 
concrete 

2-in. 
concrete 

Redbrick 

5 

Red  brick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

2-in. 
concrete 

Firebrick 

6 

Redbrick 

Firebrick 

Firebrick 

Firebrick 

Slag- 
concrete 

Slag- 
concrete 

2-in. 
concrete 

Redbrick 

7 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

2-in. 

Red  brick 

blocks 

blocks 

blocks 

blocks 

blocks  * 

blocks 

concrete 

8 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

2-in. 

Redbrick 

blocks 

blocks 

blocks 

blocks 

1 

blocks 

blocks 

concrete 

Hearths  designated  "gravel  concrete"  were  made  of  river  gravel,  3-in.  sise  and  under.  2  parts;  dean 
sand,  4  parts;  and  cement,  1  pari.  Slag-concrete  mixture  consisted  of  crushed  slag  (all  the  sise  that 
passed  a  \ir\n.  screen)  8  parts;  clean  sand,  3  parts;  and  cement,  1  part.  Composition  of  this  slag  was: 
SiOs,  47.0  per  cent.;  AltOa,  8.5  per  cent.;  Fe,  27.5  per  cent.;  CaO,  3.3  per  cent.:  S,  0.5  per  cent.  In  the 
fifth  hearth  of  No.  3  furnace,  crushed  red  brick  was  substituted  for  gravel  in  the  concrete  mixture. 

The  first  nine  concrete  hearths  built  were  reinforced  with  iron  rods 
laid  in  top  and  bottom  courses.  Reinforcing  in  those  with  inner  drop 
holes  weighed  3,093  lb.,  and  those  with  outer  drops  2,148  lb.  When 
fully  heated  the  fourth  and  fifth  hearths,  with  heavy  reinforcement,  rose 
6  in.  at  the  center  of  the  arch,  which  necessitated  chipping  off  some  of 
the  concrete  from  the  center  of  hearths.  In  later  construction  )^-in. 
diameter  reinforcing  rods  were  used.  This  reduced  the  weight  of  iron 
to  1,172  lb.  and  1,373  lb.  respectively  for  inner  and  outer  drop  hearths. 

Slag-concrete  hearths  are  preferred,   providing  the  slag  is  highly 
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siliceous.     All  concrete  hearths  have  given  entire  satisfaction.    They 
have  been  in  service  since  May  3,  1914,  without  any  repairs. 

Provision  is  made  for  cooling  the  central  columns  and  rabble  arms 
with  air  supplied  from  a  motor-driven  fan,  but  during  the  last  18  months 
cooling  air  has  not  been  required. 

The  roaster  charge  has  varied  from  ore,  limerock  and  concentrate 
mixtures  with  19.2  per  cent,  sulphur  and  10.7  per  cent,  copper,  to  all 
concentrates  with  30.7  per  cent,  sulphur  and  15.8  per  cent,  copper,  with 
fuel  requirements  varying  from  a  maximum  of  40  lb.  of  coal  per  ton  of 
calcines  to  none  when  roasting  all  concentrate.  The  units  of  sulphur 
burned  ofif  have  ranged  from  7.5  to  17.4,  the  usual  practice  being  to  leave 
equal  quantities  of  sulphur  and  copper  in  the  calcine,  because  of  the 
oxidized  ore  used  in  reverberatory  fettling. 

Normally,  the  material  roasted  requires  only  a  little  more  heat  than 
is  derived  from  the  sulphur  burned.  Heavy  crude  oil  was  first  used  as 
fuel,  but  with  poor  results,  because  with  the  low  draft  maintained  burners 
could  not  be  obtained  of  suitable  size  to  burn  continuously  the  small 
quantity  of  oil  necessary  to  furnish  this  deficiency  of  heat,  and  distribute 
it  properly  over  the  hearth.  The  flame  was  admitted  through  one  door 
on  the  third  or  fourth  hearth  from  the  top.  A  burner  that  would  stay 
lighted  in  these  comparatively  cold  hearths,  produced  an  intense  flame, 
and  if  kept  running  long  enough  to  ignite  the  charge  to  the  temperature 
desired,  the  brick  hearth  over  the  burner  became  too  hot  and  charge  fused 
on  the  hearth  directly  in  front  of  the  burners.  Calcine  produced  was  not 
uniform,  because  the  sulphur  had  to  be  controlled  by  burning  oil  inter- 
mittently, which  resulted  in  first  a  hot  furnace  and  low  sulphur,  then  a 
cold  furnace  with  high  sulphur. 

Coal-fired  Dutch-ovens  with  12  sq.  ft.  of  grate  area  have  been  adopted 
for  supplying  additional  fuel  required  for  roasting.  Two  ovens  for  each 
furnace  admit  the  flame  on  the  fifth  hearth  from  the  top.  With  these, 
the  roast  can  be  quickly  and  closely  regulated,  and  the  furnace  repairs 
have  been  greatly  reduced  as  compared  with  oil-burning  conditions. 

Ignition  usually  takes  place  on  the  fourth  hearth  from  the  top,  and 
the  temperature  of  the  charge  rises  to  1,200  or  1,300°  F.  on  the  two  lower 
hearths.  With  one  reverberatory  running,  each  roaster  operated  nor- 
mally makes  65  tons  of  calcine  per  day.  When  two  reverberatories  are 
taking  charge,  each  roaster  has  to  supply  80  tons  of  calcine.  Results 
show  that  while  removing  the  same  units  of  sulphur  per  ton,  a  furnace 
will  consume  less  coal  per  ton  when  producing  60  than  when  producing 
80  tons  of  calcine.  Monthly  averages  of  113  tons  of  calcine  pro- 
duced per  furnace  day  show  a  very  high  coal  ratio.  Furnace  dampers 
are  kept  closed  just  to  the  point  of  smoking.  Gases  leaving  the  fur- 
naces first  enter  a  hopper-bottomed  header-flue,  through  which  they 
travel  at  a  velocity  of  6  or  7  ft.  per  second,  at  326  to  426**  F.  tempera- 
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ture,  and  then  pass  into  a  large  dust-chamber.     Dust  recovered  from 
this  chamber  amounts  to  0.8  per  cent,  of  the  dry  charge  to  roasters. 

The  dust-chamber  roof,  made  of  No.  11  plate  steel,  shows  slight 
deterioration  at  the  laps.  A  sheet-copper  cap  laid  over  the  joint  at  apex 
of  roof,  lasted  2  years  and  has  been  replaced  by  concrete. 

Reverberatory  Division 

Smelting  for  production  of  matte  is  all  done  in  reverberatories,  either 
one  or  two  furnaces  being  operated  as  I'equired.  Three  furnaces  set 
parallel  to  each  bther  the  long  way,  and  26  ft.  apart,  each  with  a  hearth 
area  22  by  100  ft.,  are  available,  one  of  these  always  being  a  spare.  The 
hearth  in  No.  3  furnace  is  crushed  silica  fused  in  on  a  slag  bottom. 
Furnaces  Nos.  1  and  2  have  hearths  of  crushed  silica  fused  in  on  bottoms 
of  broken  quartz.  Roofs  were  all  originally  built  with  1  in.  to  the  foot 
rise  in  the  arch.  When  the  roof  of  No.  1  furnace  was  rebuilt,  the  arch 
was  given  a  rise  of  13^  in.  to  the  foot.  Six-inch  holes,  spaced  24  in. 
centers,  left  in  the  roofs  along  the  side  walls  and  across  the  back,  allow 
fettling  material  to  be  piped  into  the  furnaces  from  trough-shaped  bins 
built  vertically  over  these  holes.  Five-inch  diameter  pipes  on  fettling  . 
bins  are  being  changed  to  8-in.,  to  permit  using  coarser  material  without 
choking  the  pipe  openings.  Other  dimensions  of  these  reverberatories 
that  affect  their  operation  are  given  in  an  accompanying  table. 

Reverberatory  Dimensions 


Furnace  Number 


Lowest  matte  tap  hole  to  top  of  front  plate . . . 
Matte  tap  hole  to  skimming  block,  in  use  at 

present 

Height  of  oil  burners  above  front  plate 

Height  of  oil  burners  above  skim  block  at 

present  in  use 

Furnace  throat  area  when  slag  line  is  level  with 

top  of  front  plate,  square  feet 

Furnace  throat  area,  when  slag  line  is  raised 

6  in.  above  top  of  front  plate,  square  feet . . . 
Area  of  opening  in  verb  shaft,  square  feet .... 
Area  of  intake  opening  to  header  flue,  square 

feet 

Thickness  of  side  walls,  as  rebuilt,  above  matte 

line,  inches 30.0 


1  ft.  10^  in. 


10%  in  J 
1  ft,  IIH  in. 

1  ft.  n]4  in. 

17.4 

13.2 
40.0 

45.6 


1  ft.  3%  in. 

1  ft.  1  in. 

il  ft.  8?i  in. 

1  f t.  5J^  in. 

26.2  22.0 

22.6  i       18.0 

28.5  ,       28.5 

55.2  '       54.6 

I 

30.0  12.0 


Note. — ^The  12-in.  side  wall  is  more  favorable  for  greater  height  of  fettling. 
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In  furnaces  Nos.  2  and  3  the  weight  of  the  shaft  has  been  taken  off  of  the 
verb  arch,  by  means  of  a  telescopic  shaft  supported  on  steelwork.  Fig. 
2  shows  the  relative  positions  of  the  reverberatory  arches  on  the  center 
line  of  roof.  This  height  is  satisfactory  when  burning  small  quantities 
of  oil,  but  might  be  raised  considerably  in  Sections  No.  1  and  2  for  larger 
quantities  of  oil. 

The  following  log  of  the  third  campaign  of  No.  3  reverberatory  furnace 
is  representative  of  operations  on  a  one-furnace  schedule: 

• 

Furnace  started  May  20,  1914. 

6 .  208  days  lost  in  August,  repairing  side  walls,  verb  shaft,  and  24  ft.  of  new  roof  on 
Section  1. 

0 .  769  days  lost  in  September,  October,  November  and  December,  1914,  maidog 

minor  repairs. 

1 .  122  days  lost  in  January,  1915,  patching  roof  and  front  end. 
2.736  days  lost  in  March,  1915.     New  roof  on  Section  1. 

5 .  642  days  lost  in  July,  1915.     50  ft.  roof  repairs  on  Sections  1  and  2,  and  new 
jambs  under  header-flue  arch. 

Furnace  stopped  Sept.  12,  1915,  on  account  of  labor  strike,  but  was  in  good 
repair  at  that  time. 

16 .  477  days  lost  time  in  16  months  total  campaign. 

Dry  Tons  Solid  Charge  Smelted: 

During  total  campaign 178,165.0 

Daily  average  for  total  campaign 384.6 

Daily  average  for  one  month,  highest 512.4 

Daily  average  for  one  month,  lowest 312.2 

Highest  for  one  day,  during  highest  average  month 543 .0 

Lowest  for  one  day,  during  highest  average  month 413.0 

Barrels  of  Oil  per  Ton  of  Solid  Charge: 

Lowest  month 0.653 

Highest  month 0.951 

Average  during  campaign 0.744 

By  a  campaign  is  meant  the  elapsed  time  between  starting  a  furnace 
and  tapping  out  the  matte.  New  roofs  on  Sections  1  and  2  were  built 
upon  ore  centers,  without  tapping  the  matte.  The  last  side  walls  repaired 
were  in  November,  1914.  Since  adopting  greater  fettling  height,  no 
further  wall  repairs  are  anticipated. 

Two  parallel  charge  tracks  cross  the  furnaces  near  the  back  in  a  direc- 
tion at  right  angles  to  their  length.  Fifteen-ton  charges  of  calcine,  at  a 
temperature  of  1,050  to  1,150°  F.,  are  dropped  through  one  water- 
jacketed  charge  hole  in  the  center  of  the  roof  on  either  track,  but  90  per 
cent,  of  all  charges  are  dropped  from  the  back  track.  This  part  of  the 
charge  dropped  through  the  roof  is  designated  "direct  charge."  Seventy- 
five  per  cent,  of  the  total  solid  charge  smelted  is  introduced  in  this  way. 
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Bad  furnace  conditions  are  always  expected  if  such  cold  material  as 
crude  ore,  slag  or  limerock  of  any  size,  or  anything  coarse  like  siliceous 
ore  agglomerated  with  converter  slag,  either  cold  or  warm,  is  dropped  as 
direct  charge  without  mixing  it  well  with  hot  calcine.  Ore,  limerock  or 
clinker  produces  "charge  floaters."  Cold  slag  sinks  and  makes  sticky 
furnace  bottoms.  When  it  is  necessary  to  add  cold  or  coarse  material 
to  the  direct  charge,  the  best  results  are  obtained  when  they  are  well 
mixed  with  hot  calcines,  in  the  calcine  charge  cars,  but  better  still  in  the 
roasting  furnaces.  ^ 

Bed  mixtures  to  be  roasted  are  made  of  the  required  composition  to 
produce  a  slag,  when  smelted,  in  which  the  ratio  of  oxygen  in  acids  to 
oxygen  in  bases  will  fall  between  2.00  and  2.25.  A  vast  difference,  how- 
ever, is  found  in  the  smelting  properties  of  calcines  made  from  these 
mixtures,  regardless  of  the  similarity  between  their  analyses  or  the 
analyses  of  the  slags  they  produce.  Calcine  made  from  concentrate  or 
sulphide  ores  of  3^  in.  size  smelts  readily,  whereas  if  the  calcine  is  an  arti- 
ficial mixture  made  of  siliceous  oxidized  ore  crushed  to  this  size,  and  mixed 
with  an  excessive  proportion  of  limerock,  the  charges  melt  more  slowly. 
The  results  from  the  two  following  mixtures  will  fairly  illustrate  this 
point: 


Class  of  Material 


Mix  103.  Per  Cent, 
of  Totol 


Sulphide  concentrate .... 
Siliceoufl  ore,  low  sulphur 

Siliceous  oxide  ore 

Lunerock^ 

Total 


Mix  120.  Per  Cent, 
of  Totol 


70.7 

4.8 
12.9 
11.6 

100.0 


Mix  No. 


103 
120 


SiOt, 
Per  Cent. 


18.3 
20.7 


AlsOi. 
Per  Cent. 


4.6 

4.7 


Fe. 
Per  Cent. 


28.2 
24.1 


Analysis 


CaO, 
Per  Cent. 


0.7 
7.6 


•s. 

Per  Cent. 


29.0 
22.6 


Cu, 
Per  Cent. 


14.10 

10.98 


Oxygen 
Rafio 


1.43 
1.45 


A  daily  average  of  365  tons  of  calcine  per  furnace  was  smelted  during 
the  time  that  mix  103  was  on  the  charge.  In  comparison,  200  tons  per 
furnace  day  was  barely  maintained  while  the  charge  consisted  of  calcine 
from  mix  120.  The  practice  is  to  crush  siliceous  ore  as  fine  as  Ke-i^i- 
for  roaster  beds,  and  endeavor  to  keep  the  sulphide  material  as  high  as 
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75  per  cent,  of  the  total  bed  mixture.     Ore  and  limerock  mixtures  require 
a  much  higher  oil  ratio  than  calcine  from  straight  concentrate. 

In  other  words,  the  greatest  percentage  of  oxidized  material  which 
it  is  permissible  to  smelt  in  the  reverberatory  furnace  is  found  to  be: 


FSSTce^Day  I  ^^  Cent. 


Direct  charge i         300 

Fettling '         100 

Total I         400 


25 
100 

44 


I 


Oxidized  ore  and  limerock. 
Oxidized  ore. 


Oxidized  ore  equivalent. 


Above  44  per  cent,  oxidized  ore,  the  charge  could  undoubtedly  be 
better  handled  in  a  blast  furnace.  The  charges  spread  better  when  the 
furnace  is  nearly  full  of  matte,  and  also  when  the  copper  and  sulphur  in 
the  calcine  are  equal.  Matte  under  40  per  cent,  copper  is  favorable  for 
higher  tonnage. 

Fettling. — Ore  and  byproducts  crushed  to  a  2J^-in.  size  for  fettling 
constitute  the  remaining  25  per  cent,  of  the  solid  charge  smelted.  It  is 
customary  after  each  skim  to  feed  these  materials  from  bridge-wall  to 
shaft  in  the  following  proportions: 


Furnaoe 


Section  No.      Per  Cent. 


Back i 

Back , 

Middle 

Middle ! 

Front 

Shaft 


2 
3 
4 
5 


25 

50 

12 

8 

4 

1 


Material 


Old  smelter  slag. 

Converter  slag  skulls. 
Less  siliceous  ore. 
Less  siliceous  ore. 
Less  siliceous  ore. 
More  siliceous  ore. 
Silica. 


SiOi, 

AltOf 

Fe. 

Per 

Per 

Per 

Cent, 

Cent. 

Cent. 

Analysis 


CaO, 

Per 

Cent. 


Converter  slag  skulls |  19 . 6  i  3.9 

Old  smelter  slag '37.2  8.9 

Less  siliceous  ore |  42 . 6  |  7.7 

More  siliceous  ore '  65 . 0  ,  12 . 2 

SiUca 84.4  6.3 

Approximate  average '  40 . 4  I  7.5 

!  I 


MgO, 

Per 

Cent. 


S. 

Per 

Cent. 


Cut 

Per 

Cent. 


47.2 

0.9 

0.0 

3.6 

9.00 

22.0 

10.3 

5.2 

0.3 

3.56 

18.0 

3.0 

2.5 

1.0 

6.80 

5.6 

0.8 

0.6 

1.9 

3.78 

3.1 

0.5 

0.0 

2.6 

0.74 

21.5 

3,5 

2.4 

1.3 

6.49 

Oxyien 
Ratio 


0.89 
2.12 
3.74 
19.43 
46.34 
3.08 
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Prior  to  July,  1914,  the  height  of  fettling  was  carried  not  to  exceed 
6  in.  above  the  slag  line.  This  height  was  gradually  increased  until 
October,  1914,  when  the  practice  of  fettling  to  the  holes  in  the  roof  was 
commenced  and  later  successfully  adopted  after  the  size  of  fettling 
material  was  increased  from  %  in.  to  the  present  2^*in.  size.  The  coarse 
size  stands  better.  It  reposes  at  an  angle  of  45**  above  and  45**  to  60** 
below  the  slag  line. 

The  results  achieved  in  performing  fettling  operations  as  practised 
here,  depend  upon  the  relative  location  and  manner  in  which  the  material 
is  dropped,  as  well  as  the  amount  of  fines  in  it  and  its  chemical  and 
physical  composition,  as  may  be  concluded  from  the  following  account  of 
experience  with  different  fettling  .materials. 

1.  Slag  and  byproducts  crushed  fine  work  unsatisfactorily  in  any  part 
of  the  furnace.  However,  if  crushed  coarse,  results  are  good  when  such 
material  is  charged  in  the  back  of  the  furnace. 

2.  Less  siliceous  fine  ore  is  not  good  fettling  in  any  place  in  the 
furnace.  It  does  not  stand,  and  requires  Msare  to  keep  it  from  running  out 
into  the  furnace.     Crushed  coarse,  it  makes  good  fettling  wherever  used. 

3.  More  siliceous  fine  ore  mixed  with  coarse  byproduct  make  a  bad 
combination.  The  only  place  the  more  siliceous  fine  ore  alone  can  be 
used  with  any  degree  of  success  is  on  the  bridge-wall. 

4.  More  siliceous  coarse  ore  is  not  so  acceptable  as  less  siliceous  coarse 
ore,  except  in  the  front  half  of  the  furnace,  because  it  makes  too  much 
siliceous  scum  on  top  of  the  slag. 

5.  Coarse  raw  concentrate  is  good  in  the  back  half  of  the  furnace, 
but  does  not  stand  so  well  nor  so  high  as  coarser  material.  It  gives  bad 
results  in  the  front  half  because  it  melts  easily  to  a  magnetic  mush. 

6.  Fettling  with  hot  calcine  can  only  be  done  with  any  degree  of 
success  in  Section  No.  1,  and  then  only  slightly  above  the  slag  line.  At 
that  elevation  it  runs  out  over  the  furnace  bottom.  An  attempt  was 
made  to  fettle  the  entire  furnace  with  calcine,  but  was  abandoned  when 
the  tonnage  dropped  to  less  than  half  capacity.  Calcine  gave  poorer 
results  than  any  other  material  experimented  with. 

7.  Pyrite  in  the  front  half  melts  easily  to  a  magnetic  mush.  In  the 
back  half  when  mixed  with  siliceous  oxide  ore  it  works  well. 

8.  The  ideal  fettling  material  was  found  to  be  less  siliceous  copper- 
sulphide  ore  containing  5  to  10  per  cent,  sulphur. 

In  other  words,  basic  or  sulphide  materials  are  charged  near  the 
firing  end  because  of  their  lower  fusing  points.  If  charged  in  the  front 
portion,  where  the  temperature  is  lower,  they  melt  with  sufficient  ease 
to  make  a  thick,  mushy,  semifused  slag,  and  in  the  case  of  pyrite  make 
quantities  of  magnetite.  Siliceous  ores  with  60  per  cent,  silica  produce 
a  scum  which  blankets  the  slag  and  causes  higher  oil  ratio  and  lower 
tonnage.    If  the  siliceous  ores  contain  much  copper  in  oxidized  form, 
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the  scum  will  assay  from  0.7  to  1 .3  per  cent,  copper,  whereas  if  the  copper 
is  present  as  a  sulphide  the  scum  will  assay  very  much  lower. 

The  most  important  development  as  regards  fettling  has  been  along 
the  line  of  coarser  crushing  and  greater  height  of  material  to  protect 
the  side  walls  without  encroaching  on  the  furnace  bottom  area.  Fettling 
"floaters"  are  unknown.  The  successful  results  of  this  practice  are  best 
seen  from  the  photograph  of  one  of  the  furnaces  (Fig.  3). 

Fuel  is  14  B6.,  18,000  B.t.u.,  California  crude  oil,  pumped  at  120 
lb.  pressure  and  delivered  through  steam  heaters  at  a  temperature  of 
170°  F.  to  six  burners  and  atomized  with  converter  air.    Two  hundred 


Fio.  3. — Reverb ERATORV  Fuiinacb  No.  3  or  Arizona  Copper  Co.,  Ltd. 
Campaign  No.  3.    Started  May  20,  1914,  finished  Sept.  12,  1915  (date  of  Ubor 

Ihy  tons  of  solid  charge  smelted:  total  178,165;  h^hest  daily  average  for  one 
month,  612.4. 

Fettled  to  the  roof  with  "lesa  siliceous"  oxide  ore  and  converter  slag  gkuUe, 
crushed  to  IJ^ '"■  Slope  of  fettltog,  from  46  to  60°.  Fettling  material  amounts  to  2S 
per  cent,  of  total  soUd  charge. 

and  forty  to  365  bbl.  of  oil  is  burned  per  furnace-day.  This  variation 
covers  a  one-furnace  schedule  when  hard  firing  for  high  tonnage  is  re- 
quired, or  two  furnaces  with  light  firing  and  correspondingly  low  tonnage 
smelted. 

Furnace-throat  draft  (inside  the  furnace)  is  0.12  to  0.16  in.  of  water, 
and  in  header-flue  common  to  all  furnaces,  draft  is  0,50  in.  water.  Gases 
leave  the  furnaces  at  temperatures  from  1,800  to  2,000°  F.  Seven  Stirling 
boilers  are  available  for  reverberatory  waste  heat,  each  712-hp.  capacity, 
and  all  connected  in  multiple  through  cross-over  flues  from  the  header- 
flue.  Dampers  are  so  arranged  that  gases  can  be  sent  to  any  one  or  all 
of  the  boilers.     There  is  no  bypass  to  the  chimney.     Four  or  five  boilers 
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are  used  when  running  one  furnace.  Reverberatory  dust  caught  in 
all  the  boilers  does  not  exceed  5  tons  monthly  when  running  one 
reverberatory. 

Furnace  gases  leaving  the  waste-heat  boilers  at  temperatures  varying 
between  471®  and  588°  F.,  are  conducted  through  6-ft.  diameter  steel 
pipes  into  a  fiiue  connecting  with  the  main  chimney.  The  temperature 
of  gases  in  the  flue  ranges  between  400®  and  500®  F.  at  different  points, 
and  at  these  temperatures  the  average  velocity  of  gases  is  10  ft.  per 
second,  when  running  one  furnace.  An  average  analysis  of  this  gas  is 
SOj,  0.3  per  cent.;  CO2,  5.9  per  cent.;  O,  12.9  per  cent.;  CO,  0.4  per  cent.; 
N,  80.5  per  cent.;  SOj,  not  determined.  When  the  flue  was  cleaned 
recently,  100  tons  of  dust  was  removed  that  had  accumulated  during  2 
years'  furnace  operations.     The  composition  of  this  dust  was: 


SiOt 

AliOi 

Total 
Fe 

Fer- 
rous 
Fe 

1 

CaO 

S 

Cu 

Free 
HtSOi 

HtO 

Reverberatory  chamber 
duflt 

17.4 

•     •     •     ■ 

6.3 
1.8 

28.3 

11.8 

3.7 
31.4 

•    •    •    • 

2.6 

■  •  «  • 

2.3 
2.1 

91.4 

10.3 
9.1 

88.3 

9.65 
6.60 

68.4 

3.0 

9.5 

Soluble  in  water 

Per  cent,  of  total,  soluble 
in  water 

The  flue  roof  was  originally  made  of  No.  14  steel  plate.  This  had  to 
be  repaired  after  8  months'  service.  Holes  were  eaten  in  the  plate  and 
in  spots  the  whole  sheet  was  pitted  and  nearly  eaten  through.  Moist 
flue  dust  covered  the  inside  surface  of  the  roof.  This  deposit  consisted 
principally  of  sulphates  of  iron  and  copper,  as  is  shown  by  the  following 
composition  calculated  from  analysis  of  dry  sample : 

Insoluble 3.0 

CUSO4 7.7 

A1,(S04). , 8.0 

FeS04 18.7 

Fe8(S04)i 45.3 

Zn804 3.2 

CaS04 2.9 

FreeH2S04 12.3 

Total 101.1 

This  would  not  jar  loose  from  the  sheet,  and  metallic  copper  had  deposited 
on  the  iron.  Concrete  slabs  reinforced  with  wire  netting  were  laid  on 
top  of  the  steel  plate  and  the  joints  between  slabs  filled  with  asphalt. 
The  concrete  covering  has  served  2  years.  The  corrosive  action  of  gases 
on  the  iron  was  arrested  for  10  months  of  operations  after  the  slab  roof 


1586  SMELTING   AT  THE  ARIZONA  COPPER   CO.'S  WORKS 

was  put  on,  but  during  an  idleness  of  5  months,  due  to  labor  trouble, 
the  plate  had  corroded  completely. 

Lime  in  the  mortar  used  in  laying  tile  walls  of  this  flue  was  partly 
changed  to  sulphate  by  the  furnace  gases.  While  the  flue  was  cold,  the 
walls  swelled  far  out  of  plumb.  The  tile  broke  and  walls  had  to  be 
rebuilt.    New  walls  are  brick  laid  in  slime  mortar. 

Converter  slag  is  poured  through  the  back  wall  of  furnace,  at  the 
center,  through  a  launder  discharging  at  the  height  of  the  oil  burners. 
Magnetite  builds  up  under  the  discharge  of  the  launder,  but  the  bridge- 
wall  on  either  side  of  it  requires  fettling. 

Considerable  has  been  written  regarding  the  fluxing  value  of  converter 
slag  poured  into  reverberatory  furnaces.  The  prevailing  opinion  seems 
to  be  that  very  little  fluxing  value  is  within  one's  control.  It  is  argued 
that  the  basic  converter  slag  does  not  act  upon  the  charge  resting  on  the 
slag  surface,  does  not  mix  with  the  trisilicate  slag,  and  passes  through  the 
furnace  like  a  submarine  as  a  monosilicate,  emerging  near  the  skimming 
end.  The  technical  reason  advanced  for  these  arguments  is  the  rela- 
tively high  specific  gravity  of  the  basic  converter  slag.  The  writer  has 
proved  to  his  own  satisfaction  that  practically  all  of  the  iron  present  in 
liquid  converter  slag,  other  than  iron  in  the  magnetic  state,  is  effective 
as  flux.  The  violent  boiling  and  the  reactions  that  take  place  when 
calcine  charge  is  dropped  through  the  central  charge  hopper  are  effective 
in  mixing  any  slag  that  may  have  separated  into  layers  in  the  furnace 
at  the  back.  If  it  is  true  that  the  charge  dropped  in  the  back  of  the 
furnace  partly  melts  to  a  trisilicate  slag,  underlaid  by  the  bisilicate,  which 
in  turn  rests  upon  the  monosilicate  converter  slag,  it  would  be  a  di$cult 
task  to  explain  why  the  surface  or  trisilicate  slag  is  so  active  in  its  con- 
sumption of  fettling  material  at  the  slag  line.  On  the  other  hand,  it  is 
not  difficult  to  imagine  the  monosilicate  slag  attacking  the  fettling 
material  along  the  side  walls,  from  the  matte  line  up.  How  it  would  fail 
to  do  so  would  be  difficult  to  explain. 

The  effect  of  liquid  converter  slag  was  vividly  shown  on  one  occarion, 
when  a  furnace  had  been  tamped  with  moist  quartz  from  floor  to  roof 
along  the  walls,  and  when  fused  was  largely  filled  with  hot  converter  slag 
and  little  regular  charge.  Within  24  hours  there  was  little  quartz 
remaining. 

On  several  occasions,  two  furnaces  running  on  idei^ical  charges  have 
been  used  for  illustrative  purposes.  Into  one,  all  of  the  converter  slag 
was  poured.  In  the  other,  without  converter  slag,  the  full  quantity  of 
limerock  equivalent  to  the  total  fluxing  value  of  the  -converter  slag  was 
required. 

There  are  others  who  contend  that  even  magnetite  in  converter  slag 
is  acted  upon  by  the  furnace  matte  and  becomes  effective  as  flux.  Our 
own  experience  is  that  whenever  magnetite  accumulates  in  the  furnace, 
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it  must  be  pulled  out  with  the  rabble  as  mush,  the  necessary  limerock 
added  to  the  charge,  and  plenty  of  sharp  drills  made  ready  at  the  matte 
tap  hole. 

The  absence  of  an  accurate  method  for  the  determination  of  magnetic 
oxide  of  iron  in  furnace  byproducts  is  one  of  the  most  unfortunate  and 
regrettable  conditions  with  which  the  metallurgist  is  confronted,  and 
renders  the  elucidation  of  this  obscure  subject  difficult.  Without  some 
means  of  quantitatively  determining  this  substance,  accurate  data  as  to 
its  fluxing  value  can  not  be  obtained  from  balance  sheets  even  if  materials 
and  products  are  all  weighed,  because  it  is  not  certain  from  an  analysis 
that  the  magnetic  iron  has  been  changed  in  passing  through  the  furnace. 

Converter  Division 

The  production  of  magnetite  in  the  converters  is,  within  reasonable 
limits,  controlled  by  the  converting  practice.  The  converter  slag  poured 
into  the  reverberatory  furnace  should  not  contain  any  magnetite  visible 
to  the  eye.  The  safest  practice  is  to  reject  the  last  2  cu.  ft.  of  slag  when 
pouring.  The  rejected  slag  with  the  ladle  skull  will  eventually  enter  the 
furnace  as  fettling  material,  where  its  detrimental  effect  to  the  furnace 
is  temporarily  turned  to  some  good,  because  of  its  refractory  properties. 
Its  tendency  to  stick  to  the  sides  when  mixed  with  cold  ore  is  quite 
noticeable  when  the  fettling  bank  is  removed  from  the  walls  when  the 
furnace  is  out  of  service.  By  this  practice,  magnetite  is  made  to  perform 
a  somewhat  similar  service  in  the  reverberatory  furnace  to  that  which 
it  performs  in  the  protective  coating  in  a  basic  converter.  Unfortunately 
only  a  small  portion  of  the  total  magnetite  production  can  be  so  used. 

Some  metallurgists  prefer  to  make  a  small  quantity  of  magnetite  on 
each  converter  charge,  contending  that  in  that  way  the  coating  remains 
a  more  constant  thickness.  They  accomplish  this  by  blowing  a  few 
minutes  on  the  start  or  finish,  either  or  both,  but  usually  at  the  start,  with 
a  shortage  of  silica.  The  writer  is  of  the  opinion  that  by  intentionally 
making  magnetite  with  every  charge;  the  quantity  made  must  be  very 
large  as  compared  with  the  small  amount  which  can  be  made  to  stick  to 
the  walls  by  so  haphazard  a  practice  going  on  continuously.  Our  practice 
is  to  coat  the  shells  when  the  lines  of  brickwork  can  be  seen  through  the 
thin  coating.  And,  when  a  shell  is  being  coated,  no  attempt  is  made 
to  do  anything  with  the  matte  other  than  form  the  coating.  When 
coated,  the  magnetite  and  copper  mush  is  dumped  on  the  floor  under  the 
shell;  later  it  is  charged  in  small  quantities  at  intervals  in  other  charges. 
When  coated,  a  shell  is  never  blown  without  a  large  excess  of  silica. 
Although  siliceous  ore  is  used  for  flux,  350  lb.  of  80  per  cent,  silica  is  used 
to  granulate  the  final  slag  on  the  copper  finish,  to  insure  the  removal  of 
the  last  traces  of  iron  from  the  copper  with  the  more  active  silica.    Since 
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this  quartz,  with  any  magnetite  which  it  has  collected,  remains  in  the 
converter  for  the  next  charge,  the  magnetite  is  in  contact  with  the 
quartz  particles  from  the  start  of  the  blow. 

The  converting  division  is  equipped  with  five  12-ft.  Great  Falls-type 
shells  lined  with  magnesite  brick;  three  converter  stands,  each  operated 
by  an  independent  motor  (the  fourth  stand  is  under  construction); 
two  40-ton  cranes;  two  straight-line  casting  machines,  each  with  39 
copper  molds.  Two  stands  are  regularly  used,  for  which  air  at  13  lb. 
pressure  is  supplied  from  power  house  by  two  of  three  Nordberg  blowing 
engines. 

When  converting  matte  of  over  40  per  cent,  copper,  only  a  small 
amount  of  cold  matte  shells  and  cleanings  from  the  floor  can  be  used;  but 
with  lower-grade  matte,  all  matte  shells,  converter  flue  dust,  and  any 
converter  byproducts  made  except  converter-slag  skulls  can  be  handled 
in  this  division. 

Molten  copper  is  transferred  from  converters  to  casting  machines 
in  cast-steel  ladles  lined  with  fines  screened  from  ores  regularly  used  as 
converter  fluxes.  Bars  are  cast  in  molds  made  of  converter  copper. 
A  l)^-in.  cast-iron  splash  plate  covers  half  of  the  bottom  area,  and  an 
average  of  73  tons  of  bullion  is  cast  per  mold.  Bars  weigh  240  lb.  each 
and  35  min.  is  required  for  casting  a  charge  weighing  7  tons.  Considerable 
chipping  of  bullion  bars  is  necessary  to  remove  edges  and  fine  shot  due  to 
blowing  to  gas  finish  of  99.60  per  cent,  copper. 

Comparison    of  One-Month  Periods  vnih    One  and   Two  Reverieratory 

Furnaces  in  Operation 


Roaster  Division 


One  Re- 
verberatory 


Total  tons  dry  charge  roasted 

Dry  tons  charge  per  furnace-day  running  time 

Analysis  of  charge: 

SiOi,  per  cent 

AlsOs,  per  cent 

Fe,  per  cent 

CaO,  per  cent 

S,  per  cent 

Cu,  per  cent 

Oxygen  ratio 

Analysis  of  calcine: 

SiOs,  per  cent 

S,  per  cent 

Cu,  per  cent 

Weight  of  calcine  produced  as  per  cent,  of  dry  charge , 

Units  sulphur  eliminated 

Pounds  coal  used  per  ton  of  roaster  charge 

Waste-gas  temperature 


14,267.0 

78.4 

17.3 
4.7 

28.2 
1,6 

28.8 

13.61 
1.33 

20.0 
13.8 
15.70 
86.7 
15.0 
4,2 
428.0 


Two  Re- 
verberatories 


17,235.0 
73.9 

19.8 
4.5 

24.3 
6.4 

24.5 

12.08 
1.44 

22.0 
13.8 
13.44 
89. d 
10.7 
14.2 
396.0 
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Reverberatory  Diviaoh 


One  Re- 
yerberatory 


Two  Re- 
yerberatories 


Dry  tons  direct  charge  per  furnace-day 

Dry  tons  fettling  per  furnace-day  (ores) 

Dry  tons  fettling  per  furnace-day  (byproduct) 

Dry  tons  total  solid  charge  smelted  per  furnace-day 

Per  cent,  of  fettling  to  total  solid  charge 

Analysis  of  direct  charge: 

SiOj,  per  cent 

AljOt,  per  cent 

Fe,  per  cent 

CaO,  per  cent 

S,  per  cent 

Cu,  per  cent 

Oxygen  ratio 

Analysis  of  fettling  (ores  and  byproducts) : 

SiOj,  per  cent 

AliOt,  per  cent 

Fe,  per  cent 

CaO,  per  cent 

S,  per  cent 

Cu,  per  cent 

Oxygen  ratio 

Total  tons  hot  converter  slag  to  reverberatories .... 
Analysis  of  reverberatory  slag : 

SiOj,  per  cent 

AlaOt,  per  cent 

FeO,  per  cent 

CaO,  per  cent 

MgO,  per  cent 

Cu,  per  cent 

Oxygen  ratio .* 

Analysis  of  matte,  per  cent.  Cu 

Per  cent,  matte  fall 

Per  cent,  sulphur  volatilized  in  furnace 

Bbl.  oil  burned  per  ton  solid  charge  smelted 

Bbl.  oil  burned  chargeable  to  steam 

Bbl.  oil  burned  account  smelting 


402.5 
84.9 
26.0 


512.4 
21.45 

19.8 

5.4 
32.3 

2.3 

13.7 

15.55 

1.32 

38.8 
7.6 

23.4 
1.7 
9.1 
6.65 
3.36 
2,419.0 

35.6 
9.7 
49.7 
2.4 
0.6 
0.51 
.  2.04 
37.43 
31.68 
24.14 
0.653 
0.315 


0.338 


262.7 
65.7 
38.7 


367.1 
28.3 

21.7 
4.9 

26^6 
7.7 

13.6 

13.24 
1.41 

39.5 

8.0 
25.5 

4 

3 

5 

2 


0 
0 
52 
93 


2,862 . 0 

38.0 
9.0 
39.4 
8.4 
1.5 
0.45 
2.06 
37.70 
27.1 
25.7 
0.778 
0.349 


0.429 


The  accompanying  2  months*  results  were  selected  for  comparison, 
because  they  show  the  extreme  variation  in  the  material  treated  in  this 
department.  Limited  storage  capacity  at  the  smelter  required  two  fur- 
naces to  be  operated  a  part  of  the  time  to  handle  receipts.  Additional 
charge  needed  for  the  month  that  two  reverberatories  were  operated  was 
composed  of  siliceous  oxidized  ores  and  limerock,  and  represents  a  tem- 
porary condition.  The  concentrator  additions,  now  almost  finished,  will 
in  the  future  supply  sufficient  concentrates  to  make  the  proportions  of 
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total  material  treated  fall  somewhere  within  the  percentage  limits  given 
in  the  examples. 


Conyerter  Diviaon 


One  Re- 
Ytfbonttory 


TwoKe- 


Tona  reverberatory  net  matte  treated 

Per  cent.  Cu  in  reverberatory  net  matte  treated 

Tons  siliceous  ore  used  for  flux 

Analysis  of  siliceous  ore  used: 

SiOi,  per  cent 

AliOt,  per  cent 

Fe,  per  cent 

CaO,  per  cent 

S,  per  cent 

Cu,  per  oent 

Oxygen  ratio 

Analysis  of  converter  slag  produced,  per  cent.  SiOi 

Tons  copper  bullion  produced 

Cu  in  bullion,  per  cent 

Tons  copper  produced  per  converter-day  running  time 

Minutes  blowing  per  ton  copper 

Average  tons  bullion  per  charge 

Average  time  of  blowing  a  charge 

Tons  cold  new  material  treated  per  ton  bullion 

Tons  cold  b3rproduct  te-treated   at  converters  per  ton 

bullion 

Blast,  pounds  pressure 

Cu.  ft.  air  per  converter  per  minute 

Cu.  ft.  air  per  ton  bullion  produced 

Cu.  ft.  air  per  ton  iron  and  sulphur  eliminated 

Oxygen  ef&ciency,  calculated  from  blower  displacement  and 
requirements  of  Fe  and  S  eliminated 

Total  Material  Treated— AU  Divisions: 

Dry  tons  concentrates 

Dry  tons  ores 

Dry  tons  limerock 


5,903.0 

37.70 
1,356.0 

65.3 
11.6 
5.7 
0.5 
1.7 
4.29 
22.65 
19.6 
2,450.0 
99.55 
51.4 
28.0 
8.524 
3  hr.  59  min. 
0.592 

0.577 

13.0 

5,445.0 

152,499.0 

96,145.0 


60.63  per      84.09 per 
cent.  cent. 


5,293.0 
37.43     ! 
820.0 

64.5 
10.6 
5.2^ 
0.2 
0.5 
6.45 
25.30 
19.6 
1,800.0 
99.60 
43.9 
33.0 
6.429 
3  hr.  54  min. 
0.462 

0.849 

13.0 

6,738.0 

220,949.0 

135,043.0 


13,227.0 

4,069.0 

391.0 


13,360.0 
7,303.0 
2,130.0 


Dry  tons  new  material,  total 17,687 . 0 

Dry  tons  byproducts  treated  at  reverberatories 924 . 0 

Concentrates,  per  cent,  of  total  new  material  treated 74.78 

Ores,  per  cent,  of  total  new  material  treated ,  23 .01 

Limerock,  per  cent,  of  total  new  material  treated !  2. 21 


22,793.0 
♦2,317.0 
58.62 
32.04 
9.34 


*  Including  reverb,  slag  skulls. 


Boiler  Plant 


There  are  10  Stirling  boilers,  three  384-hp.  direct-fired,  and  seven 
712-hp.  waste-heat.  Water  is  measured  in  total  and  also  separately 
to  the  two  sets  of  boilers.     Oil  is  measured  to  the  direct-fired  boilers. 
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All  boilers  contain  Foster  superheaters,  and-  deliver  steam  to  the  mains 
at  175  lb.  pressure.  The  temperature  of  steam  delivered  at  the  power 
house  is  about  475^  F.  The  temperature  of  the  waste  gases  leaving  the 
boilers  varies  between  471°  to  588''  F.,  depending  upon  the  furnace  prac- 
tice and  the  number  of  boilers  in  service.  The  gases  from  one  furnace 
practice  are  passed  through  five  boilers.  When  two  furnaces  are  in  com- 
mission, six  or  seven  boilers  are  used. 

When  smelting  in  one  furnace,  three  direct-fired  boilers  are  in  con- 
tinuous service  to  supply  the  power  requirements,  but  the  night  load  is 
light,  therefore  the  boiler  efficiency  is  low.  The  pounds  of  water  evapor- 
ated per  pound  of  oil  averaged  11.98  over  a  period  of  8  months.  The  oil 
averages  around  15°  B4.  and  18,200  B.t.u. 

With  two  furnaces  in  operation,  there  is  sufficient  waste  heat  to 
generate  all  steam  requirements  for  the  night  load,  but  oil  must  be  used 
to  carry  the  day  load.  Under  these  conditions,  rather  than  keep  the  oil- 
fired  boilers  imder  steam  over  night,  the  three  oil-fired  boilers  are  not 
used.  Instead,  oil  is  burned  under  the  waste-heat  boilers.  The  oil  so 
burned  is  measured  and  credited  with  evaporating  11.98  lb.  of  water,  in 
the  same  manner  as  imder  oil-fired  boilers  on  a  one-furnace  basis. 

The  net  steam  delivered  to  the  power-house  engines  is  credited  to  the 
boiler  plant.  Steam  used  in  heating  and  atomizing  oil  and  for  other 
miscellaneous  purposes,  as  well  as  steam  wasted,  is  absorbed  in  the 
furnace-oil  costs. 

Under  one-furnace  conditions,  the  waste-heat  boilers  averaged  over  a 
period  of  8  months,  7.71  lb.  of  water  evaporated  per  pound  of  oil  burned 
in  the  furnace. 

The  furnace-boiler  division  receives  credit  from  the  power  house 
varying  from  36  to  56  per  cent,  of  the  oil  burned  in  the  smelting  furnace. 

The  indicated  horsepower  from  the  waste-heat  boilers,  per  ton  of 
solid  charge  smelted  on  a  one-furnace  basis  over  a  period  of  9  months 
averaged  98.71  i.hp.-hr.  whereas  on  a  two-furnace  basis,  over  a  period 
of  7  months,  the  average  was  114.34  i.hp.-hr.  from  waste  heat  only. 
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SmeUer  Power 


Kilowatt-hours 

1 

Kilowatt-hours 
per  Ton  New  Material 

Diviinona 

• 

One 
Furnace 

Two 
Furnaces 

One 
Furnace 

Two 
Furnaces 

Sampling: 

Receiving,  high-preflaure  air  con- 
verted to  kw.-hr 

1,813 

10,601 

1,146 

3,819 

22,676 

2,690 

21,648 

2,361 

7,836 

22,843 

0.10 
0.69 
0.06 
0.22 
1.28 

0.11 

Crushine.  electric 

0.95 

SaniDline,  electric 

0.10 

Beddins,  electric 

0.34 

Reclaiminir,  electric 

1  00 

Total 

39,866 

67,168 

2.26 

2.60 

Roasting: 

Roaster  furnaces,  electric 

Calcine  cars,  electric 

7,692 
3,140 

7,496 
6,093 

0.43 
0.18 

0.33 
0.22 

Total 

10,832 

12,688 

0.61               0.55 

Reverheratoriea: 

Reverb,  furnaces,  electric 

Reverb,  furnaces,  high-pressure 

air  converted  to  kw.-hr 

Reverb,    furnaces,    low-pressure 

air  converted  to  kw.-hr 

Slae  railwav*  electric 

3,013 

463 

37,339 
4,420 

1,813 

31,220 

4,030 

3,303 

647 

72,774 
10,461 

2,690 

20,663 

2,009 

0.17 

0.03 

2.11 
0.25 

0.10 
1.77 
0.23 

0.14 

0.03 

3.19 
0.46 

Boilers,  high-pressure   air   con- 
verted to  kw.-hr 

0.11 

Boiler  feed-water  pumps,  electric 
Oil  Dumps,  electric 

0.90 
0.09 

Total 

82,288 

112,327 

4.66 

4.92 

Converting: 

Converters,  electric 

6,263 

218,236 

22,790 

2,340 

6,674 

206,802 

19,636 

2,920 

0.30 

12.34 
1.29 
0.13 

0.25 

Converters,  low-pressure  air  con- 
vertfftd  t^  kw.-hfi.  r ,,,... 

9.07 

Cranes,  electric 

0.86 

Bullion  casting  machines,  electric 

0.13 

Total 

248,628 

236,031 

14.06 

10.31 

General  Works: 

River  well,  electric 

6,760 

2,900 

4,986 
1,313 
2,807 

8,001 

2,730 

7,122 
1,439 
3,077 

0.38 

0.16 

0.28 
0.07 
0.16 

1.06 

22.63 

0.35 

Boiler     and     machine     shops, 
electric 

0.12 

Boiler  and  machine  shops,  high- 
pressure  air  converted  to  kw.-hr. 
Yards,  electric 

0.31 
0.06 

Laboratory,  electric 

0.13 

. 

Total 

18,766 

22,369 

0.97 

Total,  all  divisions 

400,369 

439,483 

19.25 

Dry  tons  new  material  treated. . 

17,687 

22,793 
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[subject  to  beyision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  person  at  the 
Arisona  meeting,  September,  1916,  when  an  abstract  of  the  pa]>er  will  be  read.  If  this  is  im- 
poanble,  then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers, 
29  West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representatiye  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Not.  1, 1916.  Any 
diaouaslon  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Leaching  Tests  at  New  Cornelia 

BY  H.    W.  MOBSE,  PH.  D.,  LOS  ANGBUBS,   CAL.,*   AND  H.  A.  TOBELMANN^f  AJO,  ABIZONA 

(Arisona  Meeting,  September,  1916) 

Introduction 

The  experimental  work  on  the  oxidized  copper  ore  at  the  New 
Cornelia  mine  at  Ajo,  Ariz.,  ended  on  Jan.  12,  1916.  On  that  date  final 
decision  was  made  on  the  general  nature  of  the  process  to  be  used  in 
the  5,000-ton  leaching  plant,  and  on  many  of  the  details,  as  far  as  ex- 
perience on  a40-ton  scale  X50uld  decide  them. 

With -the  approval  of  the  Board  of  Directors  and  the  General  Manager, 
John  C.  Green  way,  we  have  compiled  what  seem  to  be  the  most  interest- 
ing data  on  the  results  obtained  during  the  experimental  period.  The 
most  important  part  of  the  data  resulted  from  the  operation  of  a  1-ton 
and  a  40-ton  plant  at  Ajo. 

Experimental  work  on  Cornelia  oxidized  ore  dates  back  to  April,  1912, 
and  has  been  going  on  nearly  continuously  since  that  time.  A  good 
many  variations  from  the  original  idea  have  been  tried,  but  the  process 
finally  decided  upon  is  in  principle  and  in  all  of  its  details  a  simple  one. 

The  history  of  the  leaching  work  on  this  ore  has  been  brought  down  to 
about  a  year  ago  in  papers  presented  to  this  Institute  by  Stuart  Croasdale^ 
and  Dr.  L.  D.  Ricketts.^  The  present  paper  will,  therefore,  deal  principally 
with  the  results  obtained  during  the  last  year  of  the  work. 

Pkeliminary  Tests  by  Mr.  Croasdale 

Preliminary  tests  were  begun  by  Stuart  Croasdale  in  July,  1912. 
A  number  of  important  points  were  definitely  decided  by  his  work. 
Among  these  were: 

1.  New  Cornelia  oxidized  ore,  not  very  finely  crushed  (to  about  2- 
to  3-mesh)  showed  good  extraction  with  5  per  cent,  sulphuric  acid.  It 
appeared  that  better  than  80  per  cent,  extraction  could  be  expected. 

2.  The  consumption  of  acid  for  this  extraction  was  not  prohibitive. 
It  was  apparently  3.5  to  4  lb.  gross  per  pound  of  copper  recovered. 

*  Research  Engineer,  Western  Precipitation  Co. 
t  Metallurgist,  New  Cornelia  Copper  Co. 

*  Leaching  Experiments  on  the  Ajo  Ores,  Trans.,  vol.  49,  p.  610. 

*  Some  Problems  in  Copper  Leaching,  Trans.,  vol.  52,  p.  737. 
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3.  It  was  proposed  to  make  cement  copper.  The  iron  consumption 
per  pound  of  copper  recovered  was  a  little  over  1  lb. 

4.  A  column  12  ft.  deep  of  ore  crushed  to  this  fineness  could  be 
successfully  percolated. 

During  Mr.  Croasdale's  work  the  plan  in  view  was  a  very  simple  one 
indeed.  The  ore  was  to  be  leached  with  sulphuric  acid.  Cement 
copper  was  to  be  produced  by  the  use  of  metallic  iron.  As  Dr.  Ricketts 
explained  to  the  Institute  nearly  2  years  ago,  the  oxidized  Cornelia  ore 
could  apparently  be  leached  and  cement  copper  produced  at  a  profit, 
if  sulphuric  acid  and  scrap  iron  were  bought  in  the  open  market  and 
shipped  to  A  jo,  and  cement  copper  shipped  out,  all  solutions  being  thrown 
away  after  removal  of  the  copper. 

Mr.  Croasdale  showed  also  that  the  amount  of  substances  other  than 
copper,  taken  into  solution  imder  his  conditions  of  crushing  and  leaching, 
is  small.  This  naturally  suggested  the  possibility  of  a  closed  leaching 
cycle  with  electrolytic  deposition  and  at  least  partial  regeneration  of  the 
acid  required  for  solution  of  the  copper.  Early  experiments  showed  that 
iron,  which  is  dissolved  from  the  ore  to  a  certain  extent,  and  oxidised  at 
the  anode  during  electrolysis,  was  a  troublesome  factor. 

There  seemed  to  be  three  possible  ways  of  meeting  this  difficulty: 
(1)  The  use  of  a  diaphragm;  (2)  the  use  of  a  depolarizer;  (3)  purification 
from  iron  before  electrolysis. 

Antisell  Process 

About  this  time  there  came  to  the  notice  of  the  manager  good  results 
that  were  being  obtained  with  a  special  anode,  the  invention  of  F.  L. 
Antisell.  This  anode  was  in  the  form  of  a  long,  deep,  narrow  box  with 
wood  veneer  sides,  containing  graphite  electrodes  and  having  the  space 
between  graphite  and  wood  filled  with  selected  coke. 

A  cyclic  process  was  tried  with  these  anodes.  Ore  crushed  to  4- 
mesh  was  leached  3  days  by  upward  percolation,  with  a  practically  con- 
stant solution  containing  3  per  cent.  HsS04,  2  per  cent,  ferrous  iron,  0.5 
per  cent,  ferric  iron  and  2  per  cent.  Al20«.  Sulphur  dioxide  gas  was  used 
to  keep  down  the  ferric  iron  concentration. 

The  process  gave  good  results.  The  anode  was,  however,  rather 
cumbersome  and  the  absorption  of  the  sulphur  dioxide  was  not  satis- 
factory, presumably  owing  to  the  rather  high  acid  content  of  the 
solution. 

The  following  is  a  summary  of  average  results  obtained  by  the  Antisell 
Process:  Tons  of  ore  leached,  75;  heads,  1.68  per  cent.  Cu;  extraction, 
77.6  per  cent.;  current  density,  6.54  amp.  per  square  foot;  voltage,  1.23; 
production  of  copper,  1.72  lb.  per  kilowatt-hour;  HsS04  in  solution, 
2.73;  sulphur  per  pound  of  copper,  1.06  lb.;  total  days  run,  40.2;  total 
athodes  produced,  803  lb. 
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Process  of  Pope  and  Hahn 

While  these  tests  were  being  carried  on,  another  process  was  being 
developed  at  Raritan  by  F.  A.  Pope  and  A.  W.  Hahn.  The  Antisell 
idea  was  in  a  sense  a  combination  of  diaphragm  and  depolarizer,  without 
any  attempt  to  remove  the  iron.  Pope  and  Hahn  planned  to  remove 
the  iron  (and  most  of  the  other  impurities  as  well)  before  sending  solution 
to  be  electrolyzed. 

Their  process  was  cyclic.  Ore  crushed  to  4-mesh  was  leached  for  3 
days  with  dilute  sulphuric  acid,  the  counter-current  leach  being  so  dis- 
tributed as  to  permit  of  drawing  off  two  classes  of  solution — one  high  in 
iron,  the  other  low.  The  high  iron  solution  was  heated  to  about  200°  F. 
with  the  addition  of  the  requisite  amount  of  finely  ground  (90  per  cent, 
through  200-mesh)  copper  oxide  in  the  form  of  roasted  ore.  The  mixture 
of  solution  and  oxides  was  agitated  for  3  or  4  hr.  and  then  put  through  a 
filter  press.  The  result  was  the  removal  of  nearly  90  per  cent,  of  the  total 
iron  and  70  to  80  per  cent,  of  the  alumina  from  solution.  An  electrolyte 
high  in  copper  and  low  in  all  impurities  was  produced  and  the  precipi- 
tate, as  filter  cake,  was  granular  and  easy  to  wash  and  handle. 

The  other  portion  of  the  leaching  solution,  low  in  iron,  was  electrolyzed 
and  returned  to  the  cycle  until  its  iron  content  was  high  enough  to  require 
purification. 

Results  of  the  Pope-Hahn  process  were  very  satisfactory,  but  the 
plant  had  hardly  started  when  the  war  broke  out  and  all  experimental 
work  was  stopped.  The  following  summary  will  indicate  the  results 
obtained:  Ore  leached,  329  tons,  10  charges;  average  copper  heads, 
1.12  per  cent.;  copper  tails,  0.30  per  cent.;  water,  tails,  9  per  cent.;  copper 
per  kilowatt-hour,  1.0  lb.  About  40  lb.  of  roasted  Miami  concentrate 
per  ton  of  ore  handled  took  care  of  impurities;  92  per  cent,  of  the  copper 
in  the  concentrate  was  recovered. 

Working  the  Pope-Hahn  process  would  have  required  the  installation 
of  roasting  plant,  fine-crushing  plant,  agitators  and  filter  presses  and  the 
purchase  of  high-grade  sulphide  ore  or  concentrates.  It  offered  decided 
advantages,  among  them  a  practically  pure  solution  for  electrolysis, 
together  with  the  regeneration  of  a  high  percentage  of  the  acid  necessary 
for  leaching. 

Greenway  Process 

Before  the  study  of  the  effect  of  impurities  had  progressed  very  far, 
an  interesting  fact  was  noticed.  If  neutral  solution  from  the  leaching 
system  was  circulated  through  fresh  ore,  a  large  part  of  the  iron  in  solu- 
tion was  precipitated,  presumably  as  a  basic  sulphate.  This  basic  sul- 
phate was  apparently  not  readily  soluble  in  a  solution  containing  more 
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acid.  A  possible  method  of  purification  from  iron  seemed  to  be  indi- 
cated and  the  results  of  small-scale  tests  were  so  encouraging  that  a  1-ton 
plant  was  built.  In  the  first  tests,  ore  crushed  to  about  ^  in.  was  leached 
for  6  days.  The  oldest  charge  of  ore  was  in  contact  with  fresh  leach  from 
the  electrolytic  cells.  This  leach  carried  about  3  per  cent,  of  fre^  HjSOi. 
Solution  passed  in  coimter-current  through  six  tanks  containing  ore,  and 
the  acid  of  the  leach  was  neutralized  by  the  time  it  reached  the  fourth 
or  fifth  tank.  In  the  last  two  tanks  a  neutral  solution  was  in  contact  with 
fresh  ore  and  here  the  iron  was  deposited. 

The  results  obtained  will  be  evident  from  the  data  of  Table  2.    The 
ferric  iron  was  under  good  control  for  more  than  100  complete  cycles. 

Table  1. — Analysis  of  Average  Cornelia  Oxidized  Ore 

Per  Cent. 

SiO, 65.7 

A1,0, 15.3 

Fe  total 4.5 

CaO 0.6 

MgO 1.6 

MnO 0.14 

Cu 1.50 

Os.  per  Ton 

Au 0.005 

Ag 0.20 

Percent. 

NaO 3.6 

KjO 4.6 

P2O5 ; 0.3 

CI trace 

COt 1.3 


99.04 

At  this  time  it  was  already  practically  settled: 

1.  That  a  good  extraction  could  be  obtained  with  dilute  sulphuric 
acid. 

2.  That  the  acid  consumption  was  not  prohibitive. 

3.  That  electrolytic  copper  could  be  produced  successfully. 
There  remained,  however,  some  important  problems  to  be  solved. 

Among  these  were: 

1.  Crushing;  from  two  points  of  view:  (1)  for  percolation  in  a  deep 
bed;  (2)  for  extraction. 

2.  Further  study  of  the  fouling  of  the  solution,  including  the  general 
accumulation  of  soluble  salts,  but  especially  those  which  might  affect 
extraction  or  power  efficiency  in  electrolysis. 

3.  Circulation  and  general  handling  on  a  small  commercial  scale. 

4.  Any  factors  other  than  those  under  (2),  which  might  affect  elec- 
trolysis itself  or  the  quality  of  copper  produced. 


H.   W.   HOB8B  AND  H.   A.  TOBBLMANN 
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The  l-ton  plant  was  therefore  continued  in  operation  and  a  plant  to 
handle  40  tons  of  ore  per  day  was  built. 

It  is  fortunate  that  this  larger  unit  was  built,  for  a  good  many  things 
that  had  seemed  easy  to  do  in  the  1-ton  plant  refused  to  work  at  all  in 
the  40-ton.  Fouling  by  iron  and  aluminum  salts  kept  on  increasing,  the 
ferric-iron  content  of  the  solution  rose  to  a  point  where  the  ampere  eflS- 
ciency  in  electrolysis  was  poor,  and  various  undesirable  phenomena 
appeared. 

So  the  40-ton  plant  was  kept  in  continuous  operation  for  nearly  a 
year  and  all  the  factors  that  had  been  studied  in  the  1-ton  plant  were 
taken  up,  one  at  a  time,  and  worked  over  again  until  finally  it  seemed  that 
they  could  all  be  brought  under  complete  control. 

Final  Leaching  Process 

The  final  process  decided  upon  was  as  follows:  Ore  crushed  to  about 
4-mesh;  leached  8  full  days  by  counter-current;  washed  with  three 
counter-current  wash  waters  (or  possibly  four);  solution,  practically 
neutral  during  last  2  days  of  contact  with  ore,  is  sent  through  reduction 
towers,  where  it  meets  sulphur  dioxide  in  counter-current.  The  ferric 
iron  is  thus  reduced  to  below  0.4  per  cent.  Thence  it  goes  through  a 
revolving  tumbler  in  contact  with  cement  copper.  There  the  ferric  iron 
is  still  further  reduced  and  a  corresponding  amount  of  cement  copper 
passes  into  solution.  From  the  cement-copper  tumbler  the  solution 
passes  to  a  settling  pond  and  then  into  the  electrolytic  cells,  where  a  part 
of  the  copper  is  removed;  then  back  into  the  leaching  system,  passing 
first  through  the  oldest  ore  which  has  already  been  leaching  for  7  days, 
and  so  on  to  begin  the  cycle  again. 

Important  Factors 

In  a  cyclic  process  such  as  this,  no  single  factor  or  step  can  be  said  to 
be  the  most  important.  We  can,  however,  consider  a  list  of  those  factors 
that  were  studied  with  especial  attention  and  can  offer  definite  figures 
on  the  results  to  be  expected. 

Extraction 

Both  in  the  1-ton  and  the  40-ton  plants,  it  was  easy  to  obtain  80  per 
cent,  extraction,  using  about  3  per  cent,  sulphuric  acid  and  8  days  of 
counter-current  leaching  by  upward  percolation  on  4-mesh  material. 
An  extraction  of  83  per  cent,  was  reached  over  considerable  periods  of 
time.  The  continuous  attainment  of  this  figure  was  limited  by  other 
factors  than  the  nature  of  the  ore  or  the  size  to  which  it  was  crushed,  such 
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as  the  fouling  of  solution,  with  the  result  that  salts  carrying  copper 
actually  crystallized  in  the  ore  in  the  leaching  tanks  and  were  not 
completely  dissolved  by  washing. 

Incomplete  washing  was,  of  course,  another  reason  for  low  extrac- 
tion under  otherwise  normal  conditions,  and  the  possibility  of  improve- 
ment in  this  point  is  clearly  shown  by  the  wash-water  data  of  Table  6. 

Keeping  well  within  the  time  limit  for  washing  set  by  the  fixed  cycle, 
it  should  apparently  be  possible  to  get  an  extraction  of  82  per  cent,  or 
better. 

Acid  Consumption 

The  1-ton  plant,  over  its  whole  life  of  413  cycles  and  under  all  sorts  of 
favorable  and  imfavorable  conditions,  showed  a  net  consumption  of  1.65 
lb.  of  100  per  cent.  H2SO4  per  pound  of  copper  leached.  This  was  some- 
what lower  than  the  figures  given  by  the  preliminary  tests  on  the  ore. 

The  40-ton  plant  apparently  did  not  do  so  well.  During  its  301 
cycles,  the  average  net  consumption  was  2.8  lb.  of  acid  per  pound  of 
copper  leached.  The  difiference  in  favor  of  the  1-ton  plant  is  probably 
due  to  the  large  leakage  and  general  losses  in  the  40-ton  plant. 

In  designing  the  plant  which  is  now  being  built  at  Douglas  to  furnish 
acid  for  Cornelia,  3  lb.  has  been  taken  as  a  conservative  figure  for  acid 
consumption. 

Power  Consumption  for  Electrolysis 

In  the  1-ton  plant,  with  lead  anodes,  the  average  was  0.934  lb.  copper 
per  kilowatt-hour  at  8  amp.  per  square  foot  of  cathode  surface.  This  was 
for  all  the  conditions,  good  and  bad,  under  which  the  plant  was  operated. 
With  graphite  anodes,  also  under  all  sorts  of  conditions,  the  figure  was 
2  lb.  copper  per  kilowatt-hour  at  8.5  amp.  per  square  foot. 

In  the  40-ton  plant,  with  lead  anodes,  at  an  average  current  density 
of  6.9  amp.  per  square  foot,  the  average  production  under  all  conditions 
was  0.87  lb.  copper  per  kilowatt-hour.  With  graphite  anodes,  the  figure 
was  1,65  lb.  It  should  be  said,  however,  that  the  ferric  iron  was  never 
under  proper  control  during  these  tests  with  graphite  in  the  40-ton  plant. 
During  series  VI  of  the  40-ton  plant,  with  current  density  6.4  amp.  per 
square  foot,  the  copper  yield  was  1.04  lb.  per  kilowatt-hour.  This  run 
was  with  lead  anodes  and  under  fair  conditions,  so  far  as  ferric  iron  was 
concerned.  In  the  final  nm  with  lead  anodes,  and  with  both  ferric  iron 
and  general  fouling  under  still  better  control,  an  even  higher  figure  was 
obtained. 

Lead  anodes  will  be  used  in  the  big  plant.  The  reasons  for  this  choice 
will  be  given  later, 
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Control  of  Ferric  Iron 

Quite  early  in  the  study  of  the  conditions  for  good  electrolysis  it 
became  evident  that  the  ferric-iron  content  of  solutions  must  be  kept 
within  a  low  limit.  The  1-ton  plant  took  care  of  itself  over  a  long  period 
of  time,  as  far  as  the  ferric-iron  content  and  the  general  fouling  were  con- 
cerned, without  the  use  of  sulphur  dioxide  or  any  other  outside  reagent. 
Iron  and  alumina  were  apparently  precipitated  on  the  ore. 

The  40-ton  plant  started  ofif  in  the  same  way.  But  before  long  the 
ferric  iron  began  to  go  up  and  the  ampere  eflSciency  to  go  down.  This 
is  evident  from  the  table  showing  general  results  on  the  40-ton  plant. 
Series  II  began  with  fresh  acid  and  lasted  40  days.  During  this  period 
0.99  lb.  Cu  per  kilowatt-hour  was  the  electrolytic  yield.  The  current 
efficiency  during  this  period  of  low  ferric  iron  and  clear  solution  was 
83.3  per  cent.  During  period  III  the  same  solution  was  continued  in 
use,  but  the  ferric  iron  was  not  under  control,  and  kept  increasing.  The 
analysis  of  the  solution  on  July  22,  in  the  middle  of  this  run,  is  shown  in 
colunm  m  of  Table  4.  The  ferric  iron  content  had  risen  rapidly  from 
0.180  per  cent,  on  June  20  to  1.222  per  cent,  on  July  22.  The  result  was 
that  during  period  III,  the  current  efficiency  was  only  70.8  per  cent,  and 
the  yield  was  0.86  lb.  copper  per  kilowatt-hour.     From  this  time  until  the 


Table  4. — Solution  Analyses 
Second  Period  of  40-Ton  Plant  Operation  Beginning  with  Charge  91  in  1916 


I 

Per  Cent. 


II  III 

6-20,      I       7-22, 

Per  Cent.     Per  Cent. 


IV 

8-22, 

Per  Cent. 


Cu 

HjSOi  free. 

Fe++ 

FeSO+++. . . 

A1,0, 

CaO 

MgO 

MnO 

CI 

SiO, 


Specific  gravity. 


1.11 

4.03 

0.09 

0.164 

0.145 

0.092 

0.132 

0.023 

0.08 

0.075 

1.100 


2.26 

2.88 

0.176 

0.180 

1.250 

0.090 

0.122 

0.030 

0.08 

0.084 

1.150 


2.50 

2.56 

0.720 

1.220 

2.730 

0.080 

0.120 

0.030 


0.110 
1.250 


1 

3.39 

3.47 

3.15 

2.40 

1.49 

2.14 

1.07 

0.80 

3.69 

4.40 

0.050 

0.120 

0,150 

0.049 

0.050 

0.046 

0.130 

0.040 

0.960 

1.370 

1.376 

2.95 

3.05 

2.52 

0.239 

2.840 

0.018 

0.054 

0.029 

0.090 

0.096 

1.330 


Column  I  gives  solution  analysis  at  beginning  of  a  run,  where  fresh  acid  has 
been  used,  and  before  electrolysis  has  been  started. 

Column  III  is  the  analysis  of  solution  when  reduction  of  ferric  iron  was  begun. 

Column  V  shows  solution  at  maximum  concentration.  Cold  nights  caused  the 
separation  of  a  large  amount  of  FeSOi,  CuSO*,  24H2O. 

Column  VI  is  an  analysis  of  solution  under  normal  conditions,  after  "bleeding" 
regularly  for  about  40  days. 


1602  LEACHING  TESTS  AT  NEW  COBNELIA 

end  of  the  experimental  work,  sulphur  dioxide  gas  was  used  regularly  to 
control  the  ferric  iron.  With  lead  anodes  a  low  content  of  ferric  iron  is 
not  necessary.  The  solution  may  contain  0.3  or  0.4  per  cent,  without  any 
marked  effect  on  the  current  eflSciency. 

Sulphur  Consumption 

To  maintain  satisfactory  control  of  the  ferric  iron  was,  at  this  point 
in  the  work,  the  greatest  apparent  difficulty.  To  follow  the  course  of  the 
tests  it  will  be  necessary  to  keep  in  mind  both  Tables  3  and  4.  The  first 
of  these  shows  the  conditions  under  which  the  40-ton  plant  was  operating; 
the  latter,  the  analysis  of  the  solution  at  various  times. 

During  period  III,  the  acid  electrolyte  was  circulated  through  a  tower 
about  2  ft.  square,  in  contact  with  sulphur  dioxide.  The  acid  electrolyte 
was  taken  from  the  electrolytic  system  and  returned  to  the  same  system. 
The  weight  of  sulphur  that  could  be  burnt  and  brought  in  contact  with 
solution  as  SO2  was  too  small,  and  the  ferric  iron  kept  on  increasing. 
Under  these  conditions,  we  were  burning  1.5  lb.  sulphur  per  pound  of  ferric 
iron  reduced. 

Series  IV  began  with  only  a  single  change,  but  this  proved  to  be  a 
very  important  one.  The  nevircU  advance  from  the  leaching  system  was 
circulated  through  the  SO2  tower  before  entering  the  electrolytic  system. 
Under  these  conditions,  only  0.56  lb.  of  siilphur  was  required  per  pound 
of  ferric  iron  reduced. 

Although  the  small  tower  was  not  of  sufficient  capacity  to  make  con- 
trol easy,  by  Aug.  22  the  ferric  iron  was  on  the  down  grade — 1.07  per  cent, 
as  against  1.22  on  July  22. 

From  this  time  on,  as  long  as  lead  anodes  were  in  use,  the  ferric  iron 
did  not  get  out  of  control,  and  on  Nov.  5  the  solution  showed  only  0.24 
per  cent,  of  this  troublesome  substance.  The  results  with  graphite 
anodes  will  be  considered  later. 

Fouling  of  Solution 

In  the  40-ton  plant  the  entire  solution  began  to  foul  badly  after  about 
100  charges  had  been  leached.  The  cooler  weather  was  beginning  at  this 
time  and  a  bulky  double  sulphate  of  iron  and  copper  crystallized  out 
through  the  ore  in  the  leaching  tanks  and  plugged  all  the  pipes  and 
launders.  To  remedy  this,  a  portion  of  nearly  neutral  solution  was 
drawn  off  continuously  from  the  leaching  system  and  passed  over  scrap 
iron,  making  cement-copper.  It  was  found  that  treating  1  per  cent,  of 
the  total  bulk  of  solution  each  day  would  maintain  the  fouling  at  a  con- 
stant low  point  where  it  could  cause  no  trouble.  Columns  V  and  VI 
of  Table  4  show  the  effect  of  this  "bleeding"  of  solution. 
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The  cement-copper  so  produced  was  returned  to  a  wooden  tumbler 
and  electrolyte  on  the  way  to  the  cells  passed  through  it.  Ferric  iron  is 
reduced  to  ferrous  in  this  way  and  copper  passes  back  into  solution. 

Under  these  conditions  only  electrolytic  copper  is  produced  and  at 
the  same  time  the  control  of  the  ferric  iron  is  aided  considerably.  In  the 
40-ton  plant  it  was  apparently  necessary  to  send  about  12  per  cent,  of 
the  total  copper  through  this  side  cycle  and  back  into  the  main  one,  to 
control  completely  the  fouling  materials  introduced  from  the  ore  during 
leaching. 

Grade  of  Copper  Produced 

Cornelia  copper  produced  direct  from  the  ore  is  the  equal  of  any 
electrolytic  copper  produced  in  this  country.  Fortunately  the  orebody 
contains  only  minute  amounts  of  either  arsenic,  antimony  or  bismuth. 
The  analysis  and  the  physical  tests  on  Cornelia  cathodes  will  be  found  in 
Table  5. 

Table  5. — Analysis  of  Cornelia  Copper  Cathode 


Per  Cent. 

Bottom, 
Per  Cent. 

Cu 

99.900 

99.868 

S. 

Fe 

0.0186 

0.0291 

As 

CI 

0.0012 

0.0019 

Sb 

Per  Cent. 

Bottom, 
Per  Cent. 

0.0369 

0.0655 

0.0013 

0.0017 

0.00095 

0.0014 

Physical  Tests  on  Wire  Bars 

Tensile  test 64,500 

Elongation 1.9 

Bends 36 

Twists 43 

Conductivity 100.7 

Size  of  Material.    Percolation 

The  work  at  Ajo  was  all  done  on  the  product  from  a  Symons  fine 
crusher,  without  any  screening  (except  for  tests  on  sized  material).  It 
was  nominally  a  4-mesh  product  but  carried  an  average  of  about  30  per 
cent,  of  oversize.  Extraction  on  this  is  satisfactory  and  while  it  could 
be  increased  by  finer  crushing,  a  large  percentage  of  the  copper  minerals 
lies  in  fracture  planes,  and  no  very  great  profit  would  result. 

This  product  is  especially  well  suited  to  upward  percolation  in  a  bed 
12  ft.  deep  or  more.  It  does  not  segregate  nor  channel  badly,  drains  well 
and  is  easy  tp  wash.  ^ 

Circulation  in  the  Leaching  System 

In  the  40-ton  plant,  each  of  the  eight  active  tanks  had  a  closed  circu- 
lation, upward  through  the  ore,  of  about  80  gal.  per  minute.     This  rate 
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is  probably  much  higher  than  necessary,  but  for  the  experimental  work  it 
was  made  ample  and  retained  as  a  fixed  factor.  Beside  this  closed  circuit, 
which  runs  continuously,  a  portion  of  the  solution  from  each  tank  is 
continuously  advanced  to  the  next  tank  in  the  series. 

Fresh  electrolyte  from  the  cells,  low  in  copper  and  of  maximum  acid 
content,  leaves  the  electrolytic  system  and  passes  into  the  leaching  tank 
containing  the  oldest  ore — that  which  has  been  leaching  for  7  daya. 
Practically  neutral  solution,  high  in  copper,  leaves  the  leaching  system 
at  the  tank  containing  new  ore.  Between  these  two  points,  and  rigidly 
linked  to  them,  is  the  advance  from  tank  to  tank. 
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It  is  of  great  importance  to  have  a  practically  neutral  solution  leav- 
ing the  last  leaching  tank  and  starting  back  toward  the  electrolytic 
system. 

At  the  same  time,  we  want  as  high  an  extraction  as  possible,  wHch 
means  as  many  tanks  as  possible  with  a  fairly  high  acid  content. 
To  attain  both  [these  objects  at  the  same  time  the  advance  from  tank 
to  tank  is  carefully  regulated  so  that  about  six  tanks  of  the  eight  active 
ones  are  acid  practically' all  the  time.  The  two  others  are  neutral  and 
the  point  of  neutrality  of  the  system  just  balances,  varying  possibly 
one  tank  in  either  direction  during  24  hr.,  but  returning  to  its  or^»l 
[K)sition. 
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Circulation  in  the  Electrolytic  System 

The  electrolytic  cells,  together  with  tanks  and  sumps  for  storage,  form 
a  second  closed  circuit  from  which  solution  is  bypassed  continuously  into 
the  leaching  system  at  the  same  rate  as  the  advance  from  cell  to  cell.  To 
produce  good,  coherent  cathodes,  the  circulation  through  the  cells  must 
be  much  greater  in  volume  than  the  advance  from  the  leaching  syBtem, 
fts  the  latter  is  rigidly  fixed  by  the  necessity  for  maintaiiung  neutral  leach- 
ing .tanks.     While  the  advance  in  the  40-ton  plant  was  about  12  gal. 
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Fig.  2. — Flow  Sheet  of  5,000-Ton  Plant  of  New  Cornelia  Copper  Co. 

per  minute,  it  was  advantageous  to  circulate  in  the  tank  house  at  rates 
up  to  150  gal.  per  minute. 

This  circulation  gives  satisfactory  results  with  lead  anodes,  but 
when  graphite  is  used,  rapid  circulation  alone  is  not  enough  to  give  good 
depolarization  at  the  anode.  Violent  agitation  in  the  electrolytic  tanks 
is  necessary  to  attain  the  lowest  voltage  when  graphite  anodes  are  in  use, 
and  this  was  accomplished  by  blowing  air  through  small  holes  in  lead 
pipes  laid  along  the  bottom  of  the  cell. 
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Lead  vs.  Graphite  Anodes 

In  making  final  decision  on  the  process  to  be  used,  there  were  many 
mechanical  questions  to  be  settled.  Crushing,  method  of  percolation, 
circulation,  pumps,  structural  materials,  the  handUng  of  ore  and  taiUngs 
and  many  other  points  came  up  for  decision.  Besides  these,  there  were 
some  questions  which  bear  more  directly  on  fundamental  principles. 
One  of  these  was  whether  we  should  use  lead  or  graphite  as  material  for 
anodes. 

Lead  was  in  service  for  over  a  year  and  its  behavior  was  well  under- 
stood. But  graphite  promised  much  better  results  as  far  as  power  effi- 
ciency is  concerned,  and  also  as  a  means  of  regenerating  a  much  larger 
part  of  the  necessary  acid  for  leaching. 

The  1-ton  plant  gave  most  encouraging  results  with  graphite  over  a 
period  of  continuous  operation  of  nearly  3  months.  With  a  current 
density  of  8.5  amp.  per  square  foot,  over  2  lb.  of  copper  per  kilowatt-hour 
was  produced,  and  during  part  of  this  time  conditions  were  not  good. 
The  ferric  iron  was  not  under  complete  control.  When  all  conditions 
were  right,  we  made  2.25  to  2.40  lb.  copper  per  kilowatt-hour;  on  some 
days  as  high  as  2J5  lb.  This  was  during  the  warm  weather  at  Ajo,  when 
electrolyte  temperatures  held  well  above  105°  F.  The  40-ton  plant  was 
using  the  large  tower  for  reduction  and  the  1-ton  plant  used  the  small 
one.  The  SOa  used  in  controlling  ferric  iron  was  bjrpassed  from  the 
main  supply. 

The  1-ton  electrolytic  plant  was  out  of  doors  and  while  the  odor  of 
SO2  was  strong  in  the  immediate  neighborhood  of  the  cell,  it  was  not  bad 
enough  to  prevent  working  over  it. 

By  the  time  the  graphite  anodes  were  installed  in  the  40-ton  plant, 
the  average  electrolyte  temperature  was  only  about  75°  F.  We  could 
now  determine  accurately  the  efficiency  of  absorption  and  reduction  by 
SO2  (which  we  could  not  do  in  the  1-ton  plant)  and  we  could  also  examine 
carefully  the  circulation  conditions  necessary  to  control  ferric  iron. 

The  problem  now  began  to  look  harder.  As  measured  by  the  produc- 
tion of  ferric  iron  from  ferrous  in  the  cell,  the  anodic  efficiency  of  graphite, 
with  rapid  air  agitation,  is  well  over  100  per  cent.  With  lead  it  is  30  to 
35  per  cent.  We  had  therefore  to  combat  about  three  times  as  much 
ferric  iron  per  poimd  of  copper  with  graphite  as  with  lead. 

Under  the  existing  temperature  conditions  and  with  the  rapid  circula- 
tion that  was  necessary  in  the  electrolytic  circuit,  the  reduction  efficiency 
of  the  SO2  was  only  about  20  per  cent.  We  could  not  control  the  ferric 
iron  without  either  allowing  the  electrolyte  to  stand  for  a  good  many 
hours  between  the  SO2  towers  and  the  cells,  or  else  heating  it  to  about 
150°  F.  during  its  passage  from  towers  to  cells. 

The  absorption  of  SO2  in  the  towers  was  perfectly  satisfactory.    But 
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unless  it  was  used  to  better  advantage  in  the  reduction  of  the  iron  in  the 
solution,  it  was  impossible  to  live  in  the  tank  house  without  either  very 
careful  ventilation  or  a  diver's  outfit.  With  the  violent  air  agitation 
that  was  necessary  for  high  power  efficiencyi  most  of  the  80i  which  had 
been  absorbed  in  the  towers  was  blown  out  in  the  tank  house. 

These  difficulties  are  by  no  means  insuperable.  Of  more  fundamental 
nature  is  the  low  current  efficiency  obtained  with  graphite  and  its  extreme 
sensitiveness  toward  ferric  iron.  When  ferric  iron  is  practically  com- 
pletely removed  by  careful  reduction  with  SOj,  graphite  can  be  made  to 
give  high  current  efficiencies.  But  the  very  sUghtest  rise  in  ferric-iron 
concentration  results  in  an  immediate  and  considerable  lowering  in  ampere 
efficiency.  Even  in  our  good  runs  with  graphite  in  the  1-ton  plant,  the 
current  efficiency  was  not  much  above  70  per  cent.  With  lead  anodes, 
and  without .  any  particular  attention  to  the  ferric  iron,  which  was 
usually  0.3  or  0.4  per  cent.,  we  often  obtained  current  efficiencies  of  90 
per  cent,  or  better  over  considerable  periods. 

It  may  be  of  interest  to  state  some  of  the  points  that  enter  into  a 
decision  between  the  two  kinds  of  anodes: 

1.  The  first  cost  of  an  installation  is  about  the  same. 

2.  The  life  of  lead  is  known  with  some  accuracy.  The  life  of  graphite 
in  this  service  is  not  known. 

3.  The  salvage  value  of  lead  is  high.  With  graphite  it  is  practically 
nothing. 

4.  The  probable  power  saving  to  be  expected  (graphite  over  lead)  if 
graphite  were  successfully  operated,  is  about  0.6  kw.-hr.  per  pound  of 
copper. 

5.  More  than  twice  as  much  acid  is  regenerated  with  graphite  as  with 
lead. 

6.  Circulation  must  be  more  rapid  with  graphite. 

7.  Agitation  during  electrolysis  is  absolutely  necessary  with  graphite. 

8.  The  solution  must  stand  for  some  time  (probably  16  to  24  hr.) 
or  be  heated  to  150®  F.  or  higher,  to  obtain  even  reasonable  SOj  efficiency 
with  graphite.     This  is  not  necessary  with  lead  (see  note  under  10). 

9.  Much  larger  towers  are  needed  when  graphite  is  used. 

10.  The  volume  to  be  pumped  to  the  top  of  the  towers  is  larger  with 
graphite. 

(These  last  two  statements  contain  the  fact  that  acid  electrolyte  must 
be  sent  through  the  towers.  The  iron  content  of  the  solution  in  the  cells 
must  not  rise  above  0.2  per  cent.,  if  good  efficiency  is  to  be  reached  with 
graphite.  With  lead  anodes  it  may  go  to  0.4  or  0.6  per  cent,  without 
much  of  any  effect  on  power  consumption.  With  lead  it  is  sufficient  to 
send  the  neutral  advance  to  the  towers.  With  graphite  not  only  this 
volume,  but  also  a  much  larger  volume  from  the  tank-house  circulation 
which  must  be  kept  low  in  ferric  iron  mubt  be  sent.) 

11.  The  tank  house  for  graphite  must  be  carefully  ventilated. 
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12.  The  tank  house  for  graphite  must  be  larger  (about  as  9  to  7) 
on  account  of  the  lower  current  efficiency. 

13.  Operation  with  graphite  requires  the  closest  attention  to  every 
detail  of  reduction,  circulation  and  agitation.  Operation  with  lead  is 
practically  fool-proof. 

This  last  point  is  probably  the  most  important  of  all.  There  are 
enough  so-called  "minor*'  troubles  about  a  leaching  plant. 

Control  of  Ferric  Iron  in  Add  and  Neviral  SoliUion 

During  the  periods  when  acid  electrolyte  was  being  sent  to  the  tower 
for  the  reduction  of  ferric  iron  by  sulphur  dioxide,  the  sulphur  eflBciency 
was  low.  It  proved  to  be  about  20  to  25  per  cent.  Two  causes  at  least 
combine  to  produce  this  result:  First,  the  low  solubility  of  SOj  in  acid 
solution,  and  second,  the  slowness  of  the  reduction  reaction  in  acid 
solution.  Neutral  solution  was  sent  to  the  towers  in  later  runs  and  on 
this  the  sulphur  efficiency  reached  75  to  80  per  cent.  That  is  to  say,  of 
the  actual  weight  of  sulphur  burned  to  SO2,  75  per  cent,  is  utilized  in  the 
reduction  of  ferric  iron  to  ferrous. 

Washing  the  Ore 

Each  charge  was  given  three  washes.  The  first  was  the  second  wash  of 
the  preceding  charge;  the  second,  the  third  wash  of  the  preceding  charge; 
the  third,  fresh  water.  The  wash  which  had  been  used  three  times  was 
run  into  the  electrolytic  system.  One  complete  fresh  wash  water  was 
just  sufficient  to  balance  the  loss  from  the  system  in  the  tailings  and  by 
evaporation. 

The  summarized  wash-water  data  are  given  in  Table  6  for  the  solu- 
tion which  was  started  in  the  40-ton  plant  May  22,  1915.  The  most 
significant  thing  in  this  table  is  the  effect  of  fouling  as  shown  in  the  second 
column.  While  the  solution  was  fresh,  washing  in  the  prescribed  manner, 
the  extraction  was  81.1  per  cent,  and  •soluble  copper  left  in  the  tailings 
was  0.045  per  cent.  When  the  solution  became  foul,  even  though  a  little 
more  fresh  water  was  used,  extraction  dropped  to  73.5  per  cent,  and  the 
soluble  copper  in  the  tailings  was  0.103  per  cent.  Later,  when  fouling 
was  being  reduced  by  "bleeding"  and  additional  wash  water  could  be  used 
in  the  same  cycle,  the  extraction  rose  to  83  per  cent,  and  the  soluble 
copper  in  the  tails  dropped  to  0.033  per  cent. 

It  is  of  course  possible  to  wash  tailings  with  extra  water,  passing  this 
over  scrap  iron  and  making  cement-copper,  and  this  should  naturally  be 
done  until  the  expense  of  operation  balances  the  value  of  the  recovered 
copper.  The  experiments  at  Cornelia  were  carried  no  further  than  is 
shown  in  this  table. 

All  the  experimental  work  in  the  40-ton  plant  was  carried  out  during 
continuous  operation,  so  that  the  result  should  correspond  as  closely  as 
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possible  with  coirimercial  conditions.  The  regular  tonnage  was  crushed 
each  day  and  charged  into  the  leaching  tank.  Tailings  were  removed,  and 
circulation,  advance,  washing,  electrolysis  and  reduction  carried  on  with- 
out a  break.  Any  change  in  operation  was  carried  on  for  at  least  a  week, 
and  usually  for  10  days.  If  the  change  promised  to  give  improved  results, 
it  became  a  fixed  part  of  the  regular  operating  routine  and  the  next  point 
came  up  for  study. 

Table  6. — Wash-Water  Data 


Charges  Covered  by  Period 


No.  91  to 

No.  170, 

May  22  to 

Au«.  20 


Tons  of  ore  treated / 

Per  cent,  copper  in  the  heads 

Per  cent,  copper  in  the  tailings 

Per  cent,  extraction ' 

Per  cent,  copper  in  washed  tailings ■ 

Per  cent,   extraction   if  tailings  had  been 

washed  clean i 

Average  moisture  in  tailings i 

Average  number  of  washes 

Total  gallons  new  water  used  per  ton  of  ore  I 

leached I 

Gallons  entrained  in  tailings  per  ton  tailings 

discharged 

Gallons  unaccounted  for  per  ton  of  ore  leached' 

i.e.y  evaporation  and  leakage,  etc , 

Gallons  of  solution  bled  per  ton  ore 

Specific  gravity  of  8th  day  solution ' 

Specific  gravity  of  last  wash I 


Average  per  cent,  copper  in  first  wash 

Average  per  cent,  copper  in  second  wash 

Average  per  cent,  copper  in  third  wash 

Average  per  cent.  HsS04  in  third  wash 

Pounds  soluble  copper  per  ton  tailings 

Probable  extraction  if  one  more  wash  had  been 
used  and  half  of  this  soluble  copper  had  been 
recovered.    Per  cent 


3,376 
1.278 
0.240 
81.1 
0.195 

84.7 
10.52 


40.6 

24.2 

16.4 
None 
1.100- 
1.290 
1.050- 
1.060 
1.66 
1.17 
0.61 
0.35 
0.9 


83.3 


No.  171  to 
No.  205, 

Aug.  21  to 
Sept.  25 


1,435 

1.282 

0.342 

73.5 

0.239 

81.3 
9.57 


42.2 

21.2 

21.0 
None 
1.290- 
1.400 
1.060 
1.150 
2.96 
2.17 
1.25 
0.35 
2.1 


79.0 


No.  206  to 
No.  301, 

Sept.  26  to 
Jan.  10 


4,051 

1.331 
0.237 
83.0 
0.204 

85.3 
9.65 


69.1 
21.8 

12.1 

25.2 
1.400 
1.300 
1.150 
1.050 
2.25 
1.45 
0.67 
0.35 
0.7 


84.2 


Average  of  whole  run : 

Per  cent,  copper  in  heads 

Per  cent,  copper  in  tailings 

Per  cent,  extraction 

Per  cent,  extraction — according  to  washed  tails 

Per  cent,  extraction — if  4th  wash  had  been  used 

Per  cent,  moisture  in  tailings 

Average  gallons  of  solution  entrained  per  ton  of  tails 


1.338 
0.256 

80.7 

84.1 

83.0 

10.0 

22.6 
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Using  this  method,  when  w6  were  through,  we  had  a  definite  set  of 

f 

conditions  under  which  known  results  could  be  produced  for  any  length 
of  time.  There  were  no  odds  and  ends  to  go  back  and  pick  up.  No 
"minor"  problems,  which  might  turn  out  on  investigation  to  be  funda- 
mental, remained  to  be  solved.  Mr.  Greenway  saw  that  this  plan  was 
strictly  carried  out. 

During  the  experimental  work,  something  over  180,000  lb.  of  perfect 
cathodes  were  produced,  besides  a  good  deal  of  cement-copper. 
• 

Summary 

So  far  as  the  Ajo  tests  can  show  what  will  happen  in  a  5,000-ton  plant, 
the  following  may  be  expected : 

Extraction  on  1.4  per  cent,  ore  using  closed  wash  cycle,  82  per  cent. 

Extraction  on  1.4  per  cent,  ore-using  extra  wash  water,  83  per  cent. 

(The  extraction  figure  used  in  making  estimates  has  always  been 
80  per  cent.) . 

Acid  consumption  (100  per  cent.  H2SO4),  3  lb.  per  pound  of  copper. 
"Bleeding"  to  prevent  fouling  of  solution. 

Power  efl&ciency  in  electrolysis  with  lead  anodes,  1  kw.-hr.  per 
pound  of  cathode  copper. 

Sulphur  consumption,  0.5  lb.  per  pound  of  cathode  copper. 

Neutral  electrolyte  only  will  need  to  pass  through  the  reduction 
towers. 

About  1  per  cent,  per  day  of  the  total  solution  volume  must  be  sent 
over  iron  to  control  fouling. 

About  12  per  cent,  of  the  total  copper  produced  will  pass  through  the 
cement-copper  side  cycle. 

The  circulation  used  in  the  test-plant  leaching  tanks  (2  gal.  per 
minute  per  ton  of  ore)  is  undoubtedly  much  higher  than  necessary.  It  is 
probable  that  a  small  part  of  this  volume  would  give  equally  good 
extraction  results. 
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[subjected  bbvibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ihould  pr«f erably  be  presented  in  person  »t  th 
Arisona  meeting.  September,  1916.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  x.,  for  presentation  by  the  Secretary  or  other  representatiTe  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1916.  Any  <Uscussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Advent  of  Flotation  in  the  Clifton-Morenci  Districti  Arizona 

BT  DAVID  COLE,*  EL  PASO,  TEXAS 
(Arisona  Meeting,  September,  1916) 

At  the  time  flotation  appeared  upon  the  metallurgical  horizon  in 
Arizona,  the  writer,  under  the  direction  of  Dr.  Ricketts,  was  engaged  in 
remodeling  and  enlarging  the  No.  6  Concentration  Plant  of  the  Arizona 
Copper  Co.  at  Morenci,  and  the  work  had  been  in  progress  nearly  a  year 
before  the  Inspiration  experiments  with  flotation  had  disclosed  the  revolu- 
tion in  concentration  that  was  at  that  time  impending. 

The  simplified  flowsheet  worked  out  for  the  remodeling  of  the  Morenci 
plant  had  been  based  upon  the  removal  of  the  freed  metal  in  a  minimum 
number  of  stages  by  treatment  upon  tables  equipped  with  Butchart 
riffles,  the  latter  being  adapted  to  accomplish  both  classification  of  feed 
and  removal  of  the  metal  at  one  operation,  substantially  as  described  in 
my  previous  paper.  ^ 

The  scheme  of  treatment  for  the  slime  was  based  upon  the  well- 
known  fact  that  after  copper  sulphides,  such  as  chalcocite  and  chalcopy- 
rite,  etc.,  are  reduced  to  a  certain  extremely  fine  state  of  comminution 
they  are  definitely  beyond  the  reach  of  separation  upon  any  of  the  con- 
centrating devices  then  known. 

By  using  drag-belt  classifiers  (which  served  as  conveyors  as  well  as 
separators),  the  overflow  would  be  of  the  usual  "slimes"  class.  Experi- 
ment had  shown  that  when  these  drag-belt  overflows  were  properly 
diluted  (that  is,  to  about  5  to  7  per  cent,  solids  in  the  feed  under  treatment) 
the  very  fine  sand,  and  especially  the  very  fine  but  still  granular  sulphide 
particles,  would,  if  given  a  short  distance  to  fall,  quickly  settle  out  in 
prime  condition  to  yield  an  excellent  recovery  on  vanners;  a  further 
valuable  feature  would  be  that  the  very  fine  non-separable  final  overflow 
tonnage  might  be  discharged  direct  to  tailing,  thus  conserving  space 
requirements  so  as  to  permit  within  the  old  building,  without  embarrass- 
ment, the  increase  of  capacity  required. 

For  reasons  that  are  obvious,  this  kind  of  feed  preparation  for  the  slime 
could  not  be  successfully  accomplished  in  any  form  of  pointed  boxes  or 


♦  Consulting  Engineer. 

*  Development  of  the  Butchart  RiflBe  System  at  Morenci,  Trara,,  vol.  51,  p.  405 
(1915). 
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apitzkaaten  device,  therefore  a  further  elaboration  of  the  drag-belt  idea 
was  worked  out  as  the  best  method  for  accompUahiDg  the  separatioii. 
This  machine  was  known  as  a  colloid  separator  and  is  shown  in  Figs.  1 
and  2.     It  works  on  the  premise  that  nearly  all  of  what  may  be  called 


Fia.  I.— Drao-Belt  Sefaiutobb  in  Mnj.  or  Abuona  Coppeb  Co. 


Fio.  2. — Another  View  ot  Dsao-Belt  Separators. 

ponderable  material  in  the  thinned  pulp,  falling  but  2  in.,  will  lodge  upon 
the  belts  and  be  quickly  removed,  while  the  flocculent  slime  material  will 
remain  in  suspension  and  go  away  with  the  overflow.  In  this  way  a  feed 
is  prepared  for  the  vaoners  containing  a  maximum  amount  of  the  very 
fine  but  granular  sulphides  and  a  minimum  of  colloidal  material;  at  the 
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same  time  the  drag-belt  overflow  product  contains  a  minimum  of  sulphide 
particles  and  a  maximum  of  flocculent  slime  or  colloidal  pulp.  This 
final  overflow  was  found  in  practice  to  be  approximately  two-thirds  of  the 
total  tonnage  handled  by  the  belts  and  treatment  upon  vanners  was,  as  far 
as  copper  recovery  was  concerned,  devoid  of  beneficial  results.  The  cop- 
per escaping  in  this  overflow  was  in  the  form  of  extremely  fine  chalcocite, 
bomite  with  a  little  pyrite  and  chalcopyrite,  together  with  oxidized, 
and  water-soluble,  copper  salts.  Taken  together,  these  gave  the  overflow 
a  copper  tenor  of  from  1  to  1.3  per  cent,  in  a  ton  of  dry  material,  thereby 


FiQ.  3. — DoBR  TmcEBNER  OF  130-Ft.  Diaueteb  at  Abuosa  Copper  Co.'b  Plant. 

accounting  for  the  larger  part  of  the  tailing  losses.  However,  this  over- 
flow, with  its  ultrafine  and  otherwise  handicapped  copper-bearing  material, 
waa  practically  beyond  the  reach  of  any  concentrating  machine  at 
that  time  known,  and  could  therefore  go  to  tailing.  A  Dorr  thickener' 
130  ft.  in  diameter,  the  first  one  of  such  large  size,  was  devised  to  recover 
the  water  from  this  overflow  before  it  was  allowed  to  go  to  waste.  (See 
Fig.  3.) 

By  this  plan,  the  treatable  portion  of  the  slime  could  be  handled  by 
the  complement  of  vanners  already  installed  in  the  company's  mill. 
This  arrangement,  in  conjunction  with  the  saving  in  floor  space,  resulting 
from  the  introduction  of  the  Butchart  riffle,  made  it  easily  possible 
to  double  the  capacity  of  the  plant  under  practically  the  original  roof. 
While  it  did  not  promise  to  recover  a  larger  percentage  than  usual  of  the 

>  Described  in  Eiigineerirti)  and  Mining  Jovmal,  Vol.  100,  No.  4,  p.  131  (July 
24,  1915). 
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truly  slimed  copper,  it  did  promise  to  give  the  best  possible  results  in 
one-half  the  space. 

By  the  time  this  flow  sheet  had  been  put  into  practical  operation,  the 
Inspiration  experiments  were  attracting  widespread  attention  and  flota- 
tion was  beginning  to  be  taken  seriously  as  a  concentration  agent  for  the 
handling  of  copper  ores.  It  was,  however,  still  regarded  as  an  auxiliary 
process  and  was  thought  to  be  inapplicable  to  ores  carrying  an  excess 
of  talc  or  clay  like  the  Clifton-Morenci  ores.  Some  experiments  with  the 
Elmore  process  on  these  ores  in  former  years  had  been  unsuccessful  and 
laboratory  work  which  we  did  later  on  a  very  small  scale  with  the  meager 
information  available  seemed  to  corroborate  this  theory.  Space  was 
reserved,  however,  in  a  proper  place  in  the  mill  building,  for  the  installa- 
tion of  flotation  equipment  in  case  further  development  should  prove  its 
adaptability — at  least  for  some  appreciable  portion  of  the  tonnage. 

Meanwhile,  the  Inspiration  company  had  built  the  600-ton  "pilot" 
mill  in  which  the  new  process  was  rapidly  graduating  from  an  auxihary 
into  the  main  method  of  separation,  in  the  manner  so  fully  and  inter- 
estingly described  by  Dr.  Gahl.*  Starting  with  semi-my«teriou8  com- 
pounds, Inspiration  had  soon  foimd  that  simple  flotation  reagents  were 
equally  efficacious.  Through  the  kindness  of  Mr.  Mills,  I  secured  a  drum 
of  cresylic  acid  and  some  pine  oil  with  which  to  try  a  few  experiments  at 
Morenci. 

The  tailing  from  the  No.  6  Concentrator  was  at  that  time  discharged 
into  Morenci  Canyon  and  cascaded  along  for  about  1  mile  before  being 
taken  into  a  flume  to  be  carried  to  the  impounding  dams.  The  creek  bed 
was  rough  and  steep,  inducing  great  agitation  of  the  pulp  and  resulting 
in  the  production  of  large  amounts  of  white  froth  which  floated  down  the 
stream.  This  froth  carried  no  concentrations  of  copper  minerals,  but  I 
thought  it  might  be  possible  to  change  its  character  and  produce  a  mineral 
froth  by  the  use  of  flotation  reagents  introduced  where  the  tailing  left 
the  mill,  and  thus  possibly  secure  from  the  natural  situation  afforded  some 
benefit  at  little  cost. 

A  small  can  of  the  cresyUc  acid  was  arranged  to  drip  into  the  tailings 
launder  at  a  point  where  the  taiUngs  made  the  initial  plunge  into  the  creek 
bed.  The  results  were  instantaneous  and  very  gratifying.  Black  froth 
began  to  collect  in  eddies  and  float  downstream  for  a  few  yards  to  a  second 
plunge  where  we  were  greatly  surprised  to  find  that  it  became  white  again 
on  account  of  the  instant  dropping  of  the  metallic  load.  Feeding  the 
reagent  into  the  stream  immediately  above  the  second  plunge  would  not 
cause  a  mineral  froth  to  rise  as  in  the  first  plimge,  and  the  reason  was 
finally  located  as  being  the  effect  of  a  town  sewer  which  was  discharging 
under  the  surface  into  the  creek  between  the  two  pools;  the  sewage  effect- 
ively killed  the  metal-carrying  capacity  of  the  froth. 

'  History  of  the  Flotation  Process  at  InspiraUon,  in  this  Bulletin. 
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Cresylic  acid  was  then  added  to  the  feed  of  a  regrinding  Hardinge  mill 
which  was  discharging  into  a  long  drag-belt  classifier.  The  results  were 
again  most  encouraging;  black  mineral  froth  began  immediately  to  appear 
and  to  collect  in  large  volume  upon  the  relatively  still  water  in  the  drag- 
belt  trough.  This  rough  froth  concentrate  was  found  to  assay  over  45 
per  cent,  copper;  the  product  contained  35  per  cent,  insolubles,  mostly  in 
the  form  of  coarse  sand,  mechanically  suspended  in  the  froth  and  easily 
separated  by  screening.  It  was  found  that  1  per  cent,  of  the  copper  in 
the  froth  concentrate  was  in  oxidized  form;  22  per  cent,  of  the  concen- 
trate was  too  coE«i3e  to  pass  a  100-mesh  screen,  and  this  portion  carried 
only  0.87  per  cent,  copper,  while  the  minus  100-mesh  material  carried 
46  per  cent,  copper,  1.32  per  cent,  of  which  was  oxidized,  and  but  16 
per  cent,  of  insolubles.  The  high  grade  of  the  froth  concentrate  was 
astonishing,  showing  that  chalcocite  and  bornite  predominated  in  it. 

A  few  days  later  I  made  a  bank  of  tube  grates,  consisting  of  six 
parallel  1-in.  pipes  made  up  with  return  bends.  The  pipes  were  drilled 
full  of  small  holes  and  were  wrapped  with  cotton  blanket  tied  with  spirally 
wound  wire.  This  tube-grate  air  filter  was  put  into  the  drag-belt  trough 
as  deeply  as  possible,  without  touching  the  belt.  Coarse  sand  could  pass 
through  between  the  grates  and  be  removed  by  the  belt  underneath.  The 
pipes  were  supplied  with  compressed  air  for  the  purpose  of  creating  ad- 
ditional froth,  and  it  was  found  that  the  product  made,  without  further 
treatment,  assayed  40  per  cent,  copper,  1.14  per  cent,  of  which  was 
oxidized,  and  that  it  carried  but  20.4  per  cent,  insolubles. 

Plans  for  a  small  frothing  machine  of  the  mechanical-agitation  type 
were  inmiediately  made,  and  on  July  20  the  apparatus  was  tried  with  the 
colloid  separator  fines  as  feed,  with  the  following  remarkable  result: 
Feed,  2.32  per  cent,  copper,  of  which  0.62  per  cent,  was  oxidized;  the 
concentrates  produced  assayed  20.4  per  cent,  copper,  of  which  1.18  per 
cent,  was  oxidized;  the  tailing  carried  0.52  per  cent,  copper,  of  which 
0.38  per  cent,  was  oxidized,  leaving  only  0.14  per  cent,  sulphide  copper 
as  the  rejection  of  the  machine.  This  was  an  extraction  of  more  than  79 
per  cent,  of  the  total  copper,  and  more  than  92  per  cent,  of  the  available 
(sulphide)  copper.  This  showed  clearly  that  much  could  be  expected  in 
the  apph' cation  of  the  new  process  to  Morenci  ores. 

The  Cananea  Consolidated  Copper  Co.,  in  Sonora,  Mexico,  had  been 
experimenting  with  the  use  of  some  Flinn-Towne  pneumatic  flotation 
units  in  its  concentrating  department.  The  plant  had  been  temporarily 
shut  down  on  accoimt  of  revolutionary  troubles,  and  arrangements  were 
made  by  Dr.  Ricketts  for  the  removal  of  one  of  these  units  to  the  No.  6 
Concentrator  at  Morenci.  The  apparatus  was  installed  under  the  direc- 
tion of  the  Flinn-Towne  people  in  the  space  reserved  for  flotation  and  was 
operated  for  several  weeks  with  very  gratifying  results  as  to  recoveries. 
These   experiments   demonstrated   clearly   that   the   flotation   process 

17 
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would  be  suited  to  the  recovery  of  slimed  copper  sulphides  in  the  Morenci 
ores.  But  the  Flinn-Towne  units  were  not  of  a  size  suitable  for  use  in 
the  equipment  of  a  large  plant,  or  for  the  handling  of  large  tonnages, 
except  by  using  a  great  number  of  them.  It  was  thought  that  their 
capacity  could  not  be  enlarged  to  advantage  because  of  the  difficulty 
with  the  air-emitting  medium  used,  which  was  in  circular-disk  form 
with  central  discharge.     These  disks  could  not  be  made  larger  in  diameter 


Jiill'fHiiiiir 
II 19  fill  99 1 II I 


Fio.  4. — ^Simple  Tube-Grate  Cell. 


without  increasing  the  difficulty  coming  from  ''blinding"  of  the  air- 
emitting  surfaces,  through  the  lodging  of  coarse  particles  upon  them, 
and  from  the  formation  of  vortices  by  the  larger  volumes  discharged 
through  the  single  opening  in  the  center  which  entrained  froth  with  the 
reject. 

The  tube-grate  idea  previously  tried  in  the  drag-belt  tank  seemed  to 
be  a  better  way  to  admit  the  air  because  nothing  could  lodge  upon  the 
air-emitting  elements  to  blind  them,  and  conslriction  of  th^  passage 
for  the  pulp  and  water  would  be  avoided.  This  tube-grate  idea  therefore 
formed  a  basis  on  which  to  design  units  of  large  capacity  for  practical 
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Dfiill  work  and  especially  to  solve  the  limited-space  problem  at  No.  6 
Concentrator.  Accordingly,  a  tube-grate  cell  was  installed,  in  January, 
1915.  This  simple  cell  is  shown  in  Fig.  4.  It  was  used  for  some  time  to 
demonstrate  the  tube-grate  idea  and  served  as  a  ''cleaner"  in  the  subse- 
quent work  done  with  a  full-sized  machine. 

The  demonstration  of  the  new  tube-grate  cell  was  such  a  success  that 
a  three-stage  machine,  to  have  a  capacity  of  400  tons  per  day,  called  the 
"C-B"  machine,  was  designed  and  made.  Another  one  of  the  same  kind 
and  size  was  made  concurrently  for  the  Inspiration  ConsoUdated  Copper 
Co.,  and  both  of  them  were  started  in  operation  early  in  March.  The 
Inspiration  machine,  which  is  illustrated  in  Dr.  GahPs  paper,  gave  good 
results,  proving  the  design  to  be  substantially  correct.  The  Morenci 
machine  was  working  in 'corrosive  water,  which  resulted  in  the  formation 
of  rust  on  the  steel  tubes  and  the  gradual  closing  of  the  openings.  The 
air  supply  was  found  to  be  contaminated  with  grease  and  oil  from  the 
blower  bearings,  entrained  muddy  water  in  the  air,  etc.,  which  closed  the 
pores  of  the  air  filter  from  the  inside.  Some  delay  was  experienced 
in  overcoming  these  difficulties.  That  they  were  of  minor  importance 
was  proved  by  the  almost  uninterrupted  success  and  approximately 
perfect  operation  of  the  dupUcate  machine  operating  concurrently  at 
Inspiration. 

The  C-B  machine  at  Morenci  made  large  volumes  of  very  rich  froth 
and  had  become  immediately  profitable  by  reason  of  its  being  able  to 
handle  a;  large  tonnage  and  save  copper  which  would  be  otherwise  beyond 
the  reach  of  concentration.  It  was  therefore  kept  in  operation  as  a 
profit  maker,  even  though  working  under  the  handicap  of  partially 
clogged  tubes,  blower  troubles,  etc.  The  daily  tonnage  handled  during  the 
month  of  April,  1915,  was  from  125  to  390  tons  per  day,  with  an  average 
of  209;  the  recovery  made  by  the  machine  was  from  35  to  79  per  cent, 
of  the  sulphide  copper  present  in  the  feed,  with  an  average  for  the  period 
of  65  per  cent. 

The  blowei*  used  was  an  old  one  borrowed  from  the  mining  depart- 
ment, where  it  had  been  used  in  ventilation.  It  was  designed  for  not 
more  than  33^  lb.  pressure,  and  the  developing  of  6  lb.  in  it  deflected  the 
shafts  and  caused  the  impellers  to  rub  upon  the  sides  of  the  machine, 
which  had  to  be  water-jacketed  to  keep  down  the  heat  developed.  It 
was  much  larger  than  necessary,  and  a  great  excess  of  air  was  blown  off 
from  open  Valves.  Therefore,  no  record  of  the  amount  of  air  used  or 
power  required,  could  be  even  approximately  obtained. 

In  spite  of  these  minor  difficulties  it  was  proved:  That  flotation  could 
be  applied  to  these  ores  with  great  advantage;  that  the  copper  in  the 
mill  tailing  could  be  reduced  to  0.50  per  cent,  (of  which  0.25  to  0.30  per 
cent,  was  oxidized  and  beyond  the  reach  even  of  flotation) ;  that  this  re- 
sult could  be  improved  by  finer  grinding  in  the  Hardinge  mills;  that  the 
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Table  2. — Comparative  Results  Obtained  in  Operatian  of  C^B  and  Callow 
Flotation  Machines  at  Concentrator  No.  6,  Arizona  Copper 

Company,  Ltd.,  Morenci,  Ariz.  • 

May.  1915 


C-B 

Per  Cent. 


Callow. 
Per  Cent. 


Flotation  machine  tails 


Flotation  machine  concentrates 


Total  copper 

Oxidized  copper 

Sulphide  copper 

Total  copper, 
.  Insolubles. . . 

Total  copper 

Vanner  tails     Oxidized  copper 

.  Sulphide  copper 

Total  copper 

Insolubles 


Vanner  concentrates 


June,  1915 


• 


0.72 
0.38 
0.34 
38.19 
25.00 
0.53 


8.52 


0.81 

0.30 

0.51 

24.82 

27.00 

0.46 

0.18 

0.28 

8.89 

30.60 


Flotation  machine  tails 


Flotation  machine  concentrates 


Total  copper 

Oxidized  copper 

.  Sulphide  copper 

Total  copper , 
Insolubles 


(Total  copper 
Oxidized  copper 
Sulphide  copper 

Total  copper, 


Vanner  concentrates 


Insolubles. 


0.71 
0.30 
0.41 
35.24 
23.80 
0.41 
0.23 
0.18 
9.35 


0.69 
0.28 
0.41 
25.41 
26.00 
0.42 
0.22 
0.20 
9.51 


July,  1915 


Flotation  machine  tails — Total  copper 

Oxidized  copper. .... 

Sulphide  copper 

Flotation  machine  concentrates — Total  copper 

Insolubles ... 

Vanner  tails — Total  copper 

Oxidized  copper 

Sulphide  copper 

Vanner  concentrates — Total  copper 

Insolubles 

Table  tails — Total  copper 

Oxidized  copper 

Sulphide  copper 

Table  concentrates — Total  copper 

Insolubles 


C-B, 
Per  Cent. 


0.41 
0.24 
0.17 
8.96 
43.60 


Calloi 


0.61 

0.66 

0.24 

0.23 

0.37 

0.43 

27.84 

24.80 

18.80 

24.60 

0.41 

0.37 

0.25 

0.15 

0.16 

0.22 

7.96 

6.40 

0.45 
0.25 
0.20 
7.84 


*  No  assay. 

Daily  tonnage  rate,  average  for  the  month  of  July,  1915. 

See  Note,  p.  1621. 
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same  simple  reagents  used  elsewhere  would  apply.  Further,  a  new  type 
of  pneumatic  flotation  machine,  well  adapted  to  the  conditions  at  No.  6 
Concentrator,  had  been  successfully  developed  and  its  performance 
demonstrated  on  a  full-sized  unit.  The  new  type  machine  would  not 
be  in  any  way  embarrassed  by  the  oversize  coming  from  Hardinge  mills. 


All  of  the  drag-belt  overflow  being  handled  by  the  colloid  separator 
could  go  to  a  few  of  these  new  machines  where  all  of  the  rich  slimed  sul- 
phide copper  would  be  taken  out.    Or  the  whole  tonnage  of  reground 


Note  to  Table  2. — Without  protection  against  "blinding"  ot  the  air-emitting 
media  by  sand  or  "overaiie"  the  C-B  machine  handled  considerably  more  than  three 
times  the  toDnage  handled  by  the  Callow  in  July,  and  did  this  without  detriment 
to  the  metallurgical  work. 
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material  produced  in  the  Hardinge  mills  could  go  directly  to  the  new  type 
frother  in  which  the  slimed  copper  sulphides  would  be  removed.  The 
thoroughly  frothed  sands  could  then  be  treated  on  tables  and  vanners 
for  the  removal  of  the  remaining  sulphide  particles-  which  were  too 
coarse  to  be  separated  by  flotation.  Since  there  would  then  be  no  em- 
barassing  losses  in  the  slime  part  of  the  feed,  these  machines  would  work 
efficiently,  and  a  maximum  mill  recovery  would  result. 

After  it  became  evident  that  flotation  wou'd  apply  to  Morenci  ores 
and  before  the  value  of  the  ■  tube-grate  id?a,  was  fully  demonstrated,  it 
was  decided  to  install  and  experiment  with  a  standard  Callow  flotation 
unit  of  200  tons  capacity,  conasting  of  four  rougher  cells  and  one  cleaner. 
This  equipment  was  not  received  until  after  the  full-sized  C-B  unit  of  400 
tons  daily  capacity  had  been  installed. 


Fig.  6, — Flan  of  C-B  Flotation  Machine. 


The  Callow  equipment  was  started  in  operation  May  24,  1915,  and 
competitive  operation  was  carried  on  for  about  3  months.  The  recoveries 
proved  to  be  very  much  alike  although  the  feed  was  not  identical.  The 
Callow  apparatus  is  not  adapted  to  handle  coarse  particles  of  feed  or 
oversize,  and  had  to  be  protected  by  a  screen  or  spitzkasten.  It  will 
handle  about  one-half  the  normal  tonnage  of  the  C-B  machine,  occupy- 
ing the  same  mill  space.  A  summary  of  the  results  obtained  for  the 
months  of  May,  June,  and  July,  1915,  also  details  showing  the  work  for 
the  month  of  July,  are  given  in  Tables  1  and  2.  The  performance  is 
shown  to  be  substantially  parallel  as  to  quality  of  work  done,  but  quite 
different  aa  to  quantity  of  tonnage  handled. 
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As  mentioned  before,  the  air  and  power  consumption  was  not  deter- 
mined in  the  C-B  installation  because  there  was  no  way  to  take  even 
approximately  correct  measurements.  But  the  experience  at  Inspira- 
tion, where  the  C-B  and  Callow  systems  were  also  being  operated  in 
parallel,  showed  that  substantially  the  same  amounts  of  air  and  power 
were  used  by  each  system. 

Experience  su^ested  wider  launders  for  froth,  larger  cleaner  capacity, 
and  simplified  tube-grate- construction  of  the  C-B  unit.  These  ideas  are 
incorporated  in  the  new  design  shown  in  Figs.  5,  6  and  7  in  which  it  will 
be  noted  that  the  machine  is  merely  a  stationary  wooden  box  suitaUy 
arranged  to  receive  air-emitting  tubes  which  are  dropped  in  from  the  top 


and  rest  upon  ledges  at  the  proper  level  in  the  pulp  to  be  treated.  Theae 
air-emitting  elements  arc  connected  to  the  air  supply  by  the  use  of  rubber 
hose.  They  can  be  taken  out  or  put  in  without  cutting  off  the  feed  or 
shutting  down  the  machine,  in  case  this  should  be  of  advantage.  An  ftii 
pressure  of  5  lb.  is  required.  The  air-emitting  surface  in  the  C-B  machine 
is  more  than  twice  the  complete  cross-sectional  area  of  the  frothing  com- 
partments, and  even  if  a  ridge  of  sand  should  lodge  upon  the  extreme  top 
of  the  tubes  and  partially  cut  off  the  air  supply,  the  remaining  unob- 
structed area  would  still  be  larger  than  the  whole  crcss^ection. 

Fig.  8  shows  the  improved  form  with  cleaners  as  arranged  in  the  mill 
of  the  Cananea  Consolidated  Copper  Co.,  and  is  typical  of  the  arrange- 
ment adopted  for  the  later  modfils.  There  are  eight  units  in  this  installa- 
tion.    They  are  operated  under  conditions  varying  greatly  as  to  quality 
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of  ores,  there  being  a  wide  range  of  iron  and  copper  sulphide  conditions 
and  all  conditions  of  oxidation  in  the  ore  handled.  The  operation  of  the 
Cananea  machines  has  been  repeatedly  interrupted  by  the  internal  strife 
in  Mexico  and  no  deductions  of  value  are  at  present  available. 

Fig.  9  shows  an  application  of  the  tube-grate  idea  to  a  spitzkasten 
type  of  f rother.  One  of  these  machines  was  made  and  installed  in  No.  6 
Concentrator  at  Morenci  but  was  taken  out  before  it  was  tried.  It 
seems  to  embody  advantages  of  much  promise  in  a  frothing  first  flow- 
sheet and  will  soon  have  a  trial  to  determine  its  value  in  the  simplified 
concentration  of  ore  that  is  amenable  to  flotation. 
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West  39th  Street,  New  York.  N.  Y.,  for  presentotion  by  the  Secretary  or  other  represenUtive  of  its 
author.  Unless  speoial  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nor.  1,  1010. 
Any  discussioo  o.firered  thoeafter  should  preferably  be  in  the  form  of  a  new  paper. 
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1628  HISTORY  OP  THE  FLOTATION  PROCESS  AT  INSPIRATION 

The  history  of  flotation  in  America  is  very  short,  at  least  as  far  as  the 
large-scale  application  of  the  process  is  concerned.  It  is  remarkable  how 
many  important  developments  have  taken  place  in  the  last  few  years  and 
are  already  being  extensively  utilized.  What  was  new  a  year  ago,  seems 
almost  commonplace  now.  For  this  reason  it  is  with  hesitation  that  I 
follow  the  suggestion  of  Dr.  Ricketts,  President  of  the  Institute,  to 
describe  the  experiences  of  the  Inspiration  Consolidated  Copper  Co.  with 
the  flotation  process. 

Tests  Conducted  in  Small  Test  Mill 

When  the  Inspiration  company  first  decided  to  build  a  concentrating 
plant,  nothing  was  known  about  flotation,  and  the  process  was  to  be 
gravity  concentration  pure  and  simple. 

Demonstration  Tests  Conducted  hy  Minerals  Separation  Co, 

While  plans  were  being  prepared  by  H.  Kenyon  Burch  (who  had  been 
intrusted  with  the  design  and  construction  of  the  concentrator)  the 
Minerals  Separation  Co.,  a  concern  at  that  time  little  known  in  America, 
asked  and  obtained  permission  to  demonstrate  the  value  of  its  flotation 
process  for  Inspiration  ore.  As  a  consequence,  a  small  50-ton  flotation 
machine  of  standard  design  was  added  to  the  company's  test  plant  and 
started  to  operate  in  the  beginning  of  1913.  This  marks  .the  beginning  of 
flotation  at  Inspiration. 

The  results  obtained  with  this  machine,  which  was  operated  by 
members  of  the  Minerals  Separation  staff,  so  far  surpassed  what  this 
company  anticipated  that  it  was  decided  to  continue  flotation  tests  for  this 
purpose,  and  two  of  the  flotation  experts  of  the  Minerals  Separation  Co., 
I.  L.  Greninger  and  G.  A.  Chapman,  were  retained.  L.  R.  Wallace,  now 
superintendent  of  the  Miami  works  of  the  International  Smelting  Co., 
was  at  that  time  metallurgist  of  the  Inspiration  company  and  in  that 
capacity  took  an  active  part  in  these  tests.  Great  credit  is  due  to  him 
for  his  quick  recognition  of  the  possibilities  of  flotation. 

Flotation  Tests  Conducted  by  Inspiration  Co. 

The  tests  led  to  the  conclusion  that  it  would  be  advisable  to  incor- 
porate flotation  into  the  concentrating  process.  Doubt  existed  only  as 
to  the  extent  to  which  this  should  be  done.  The  first  design  brought  out 
by  Mr.  Burch  only  called  for  flotation  treatment  of  the  concentrator 
tailings.  While  the  tests  were  progressing,  it  became  more  and  more 
evident,  however,  that  flotation  should  form  a  more  essential  part  of  the 
milling  process,  and  it  was  finally  decided  to  leave  out  all  the  complica- 
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tions  which  are  usually  adopted  in  gravity  concentration  plants  for  the 
purpose  of  recovering  as  much  as  possible  of  the  mineral  values  of  the 
fines,  and  to  rely  on  flotation  alone  for  this  purpose. 

Sampling  of  Orebody 

This  decision  was  reached  only  after  it  had  been  estabhshed  by 
numerous  tests  that  the  orebody  as  a  whole  was  suited  for  flotation  treat- 
ment. It  was  found,  it  is  true,  that  a  portion  of  the  ore  in  the  mine  was 
unsuitable  for  flotation  by  the  process  in  question,  but  the  amount  of 
this  ore  was  estabhshed  to  be  only  a  small  fraction  of  the  total.  Besides,  , 
the  tests  proved  that  the  ore  contained  in  this  fraction  lost  its  refractory 
character  when  mixed  with  the  rest  of  the  ore. 

Mr.  Greninger  gives  the  following  description  of  the  manner  in  which 
these  tests  were  carried  out: 

"Sample  lots,  each  amounting  to  about  10  tons  and  representing  from 
30  to  35  ft.,  were  blasted  from  the  back  and  sides  of  the  drifts  and  after 
suitable  crushing  and  grinding  treated  in  the  small  flotation  machine 
mentioned  above. 

"The  results  were  very  erratic,  some  showing  good  recovery  with  a 
high  grade  of  concentrate,  while  others  returned  concentrate  of  a  very  low 
grade  and  also  showed  a  low  extraction. 

"After  a  considerable  number  of  tests  had  been  made,  it  was  found 
that  the  good  results  were  always  obtained  when  treating  ore  of  a  schist 
gangue,  while  poor  results  resulted  when  the  gangue  was  the  altered  and 
kaolinized  granite  which  forms  a  part  of  the  Joe  Bush  orebody. 

"Ten-ton  samples  were  taken  from  various  parts  of  the  mine  for  the 
purpose  of  determining  the  extent  and  amount  of  this  granite  ore.  These 
lots  were  taken  from  the  drifts  crossing  the  orebody  from  south  to  north, 
starting  in  the  granite  ore  and  continuing  along  each  drift  until  the  schist 
gangue  was  encountered. 

"In  all  of  these  tests  the  results  were  uniformly  good  while  treating 
the  schist  ore  and  poor  while  treating  the  granite  ore. 

"Subsequently,  another  series  was  inaugurated  with  the  view  of 
determining  the  amount  of  granite  ore  that  could  be  mixed  with  the  schist 
ore  without  interfering  with  the  treatment  of  this  mixed  ore  by  flotation. 

"Various  percentages  of  granite  ore  were  mixed  with  clean  schist  and 
the  mixture  treated  by  flotation.  It  was  found  that  10  per  cent,  of  granite 
caused  no  change  in  the  behavior  of  the  ore  in  the  flotation  plant  and  when 
20  per  cent,  of  the  granite  was  mixed  with  the  schist  ore  only  a  slight 
difference  was  noted,  this  difference  consisting  in  a  slight  lowering  of  the 
grade  of  the  concentrate  with  a  corresponding  falling  off  in  extraction.'* 

The  conditions  described  by  Mr.  Greninger  are  well  illustrated  by  a 
drawing  made  by  C.  E.  Arnold  of  the  mine-engineering  staff  of  the  com- 
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pany^  which  represents  laboratory  flotation  results  on  samples  taken 
from  a  drift  in  the  Joe  Bush  orebody  (Fig.  1).  The  results  show  clearly 
that  the  granite  by  itself  does  not  interfere  with  flotation,  but  only  the 
fault  material,  evidently  corresponding  to  what  Mr.  Greninger  terms 
kaolinized  granite. 

Other  Remlia  Obtained  in  Small  Test  Mill 

The  test  conducted  in  the  small  test  plant  established  in  a  general 
way  the  physical  conditions  under  which  Inspiration  ores  could  be  treated 
advantageously;  for  instance,  it  was  decided  that  raising  the  temperature 
did  not  improve  the  results  obtained  in  proportion  to  the  extra  expense 
of  such  procedure. 

As  far  as  flotation  oils  are  concerned,  those  in  charge  of  the  tests  came 
to  the  conclusion  that  cresylic  acid  (98  per  cent,  pure)  should  be  used  as 
the  main  flotation  agent,  and  should  be  supplemented  by  crude  turpen- 
tine. As  the  most  important  result  brought  out  by  these  tests,  I  con- 
sider the  discovery  that  the  flotation  agents  may  profitably  be  added  in 
the  grinding  machines,  while  it  had  formerly  been  the  customary  practice 
to  add  the  "oils"  in  agitating  tanks  especially  provided  for  the  purpose. 
This  discovery  had  an  important  bearing  on  the  later  developments 
in  the  Inspiration  milling  practice,  inasmuch  as  it  paved  the  way  for  the 
use  of  much  heavier  oils;  for  instance,  coal  tar  which  it  is  impossible  to 
amalgamate  thoroughly  with  the  pulp  in  agitating  tanks.  Mr.  Chapman, 
I  think,  made  this  important  discovery  during  this  period  (U.  S.  Patent 
1,102,874). 

The'details  of  the  flow  sheet  to  be  followed  were  left  to  be.decided  by 
tests  on  a  larger  scale.  Only  this  much  was  settled:  That  no  concen- 
tration of  any  kind,  either  flotation  or  gravity,  should  be  attempted  before 
the  ore  was  reduced  to  the  fineness  required  for  the  flotation  process. 
This  decision  was  brought  about  by  the  fact  that  excellent  recoveries  were 
obtained  when  this  procedure  was  followed,  and  was,  of  course,  also 
strongly  urged  by  considerations  of  simplicity  in  the  milUng  process  and 
cheapness  of  milling  operations. 

In  these  tests  a  50-ton  flotation  machine  of  Minerals  Separation  Co. 
Standard  type  was  used.  In  the  general  design,  it  was  similar  to  the 
larger  machine  later  put  in  use.  It  had  eight  agitating  compartments 
with  propellers  of  12-in.  diameter  revolving  with  a  peripheral  speed  of 
from  1,200  to  1,400  ft.  per  minute. 

a 

Tests  in  Large  Test  Mill 

Flow  Sheet 

In  order  to  test  on  a  large  scale  the  points  already  settled  in  the  small 
test  mill,  and  to  decide  the  points  left  undecided  by  the  small-scale  experi- 
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ments,  a  600-ton  test  plant  was  built  and  put  into  operation  at  the  begin- 
ning of  January,  1914.  It  was  my  privilege  to  conduct  those  tests  in 
cooperation  with  Mr.  Greninger,  who  represented  the  Minerals  Separation 
Co.,  and  with  the  representatives  of  other  concerns,  who  in  the  course  of 
time  decided  to  submit  flotation  machines  to  the  consideration  of  the 
Inspiration  company.  The  flow  sheet  of  this  600-ton  test  mill  was  ex- 
tremely simple.  It  is  illustrated  in  Fig.  2.  The  ore  after  being  crushed 
to  the  desired  fineness  by  machinery,  which  was  tested  out  at  the  same 
time,  was  sent  to  tables;  from  these  the  concentrates  went  to  the  concen- 
trate bins,  while  the  taiUngs  passed  on  to  an  8-compartment  flotatioD 
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Fig.  2. — First  Flow  Sheet  of  600-Ton  Test  Mill,  Inbpiration  Consolidated. 


machine  of  the  Standard  Minerals  Separation  type  with  24-in.  stirrers. 
Later  a  12-compartment  machine  of  the  same  type  was  added  and 
operated  in  parallel  with  the  8-compartment  machine.  The  taiUngs  from 
the  flotation  machines  were  passed  on  to  other  tables,  the  concentrates 
from  which,  combined  with  the  concentrates  from  the  upper  tables  and 
the  flotation  machine,  went  to  the  concentrate  bins,  while  the  tailings 
went  to  waste.  The  flotation  machine  was  operated  in  the  standard 
manner,  the  feed  being  introduced  into  the  first  agitating  compsH^ment, 
passed  to  the  first  spitzkasten,  drawn  to  the  second  agitating  compart- 
ment, sent  from  there  to  the  second  spitzkasten  and  drawn  to  the  third 
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agitating  compartment,  etc.,  the  agitators  forming  the  necessary  suction 
for  the  transportation  of  the  pulp  from  the  spitzkastens  to  the  following 
agitating  compartments.  A  final  concentrate  was  made  from  one  or  more 
spitzkastens,  while  the  concentrate  from  those  remaining  was  considered 
a  middlings  product  and  was  returned  to  the  head  of  the  machine  for 
retreatment. 

This  flow  sheet  was  extremely  simple,  but  after  a  while  even  this  was 
considered  too  compUcated,  inasmuch  as  the  necessity  of  table  treatment 
ahead  of  flotation  treatment  was  doubted. 

Discussion  of  the  Value  of  Preliminary  Table  Treatment 

The  advantages  pointed  out  in  favor  of  the  preliminary  table  treat- 
ment were  about  as  follows:  Since  the  tables  would  make  a  certain 
recovery,  an  impoverished  flotation  feed  would  result  and  assist  the  flota- 
tion machine  to  make  a  tailings  product  low  in  copper.  However,  the 
validity  of  this  argument  was  doubted  for  the  following  reasons: 

In  the  first  place,  if  comphcations  are  to  be  avoided,  the  preliminary 
table  treatment  has  to  be  of  a  comparatively  rough  character;  the  refine- 
ments of  hydraulic  classification  have  to  be  dispensed  with,  as  by  its  use 
more  water  would  be  introduced  into  the  pulp  than  would  be  advisable 
for  the  following  flotation  process.  It  must  be  taken  into  consideration 
that  the  pulp  delivered  to  the  tables  already  contains  about  3  tons  of 
water  to  1  to^i  of  sohd  matter,  experience  having  shown  that  the  grind- 
ing machines,  consisting  of  either  ball  or  pebble  mills,  deliver  a  product  of 
the  desired  fineness,  about  1  or  2  per  cent,  on  48-mesh,  when  the  con- 
sistency of  the  overflow  from  drag-belt  classifiers,  working  in  conjunction 
with  the  grinding  mills,  was  carried  at  about  this  figure;  experience  also 
showed  that  this  consistency  is  suitable  for  the  flotation  treatment,  while 
greater  dilution  of  the  pulp  resulted  in  an  increased  copper  loss.  The 
logical  way  out  of  this  difficulty  would  be  to  introduce  settling  tanks, 
for  which,  however,  the  modern  mill  designer  has  a  just  abhorrence; 
at  least,  when  they  are  to  be  placed  in  the  middle  of  the  mill.  Neither 
the  hberal  use  of  dressing  water  nor  a  low  tonnage  rate  would  be  pernlis- 
aible  for  the  same  reason.  On  this  account,  a  high  recovery  could  not 
be  expected  from  a  preliminary  table  treatment.  During  our  tests  it 
averaged  around  33  per  cent. 

Furthermore,  the  assumed  fact,  that  an  impoverished  feed  results  in 
a  better  recovery  of  the  flotation  machine,  was  strongly  doubted  by  some 
of  the  flotation  experts,  who  claimed  that  in  order  to  form  a  froth  which 
had  the  necessary  carrying  power  for  mineral,  it  would  be  better  to  leave 
as  much  mineral  as  possible  in  the  feed  to  the  flotation  machine.  In 
other  words,  their  advice  was  to  leave  out  the  tables  in  order  to  permit 
the  flotation  machines  to  do  more  efficient  work. 
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There  is  no  doubt,  however,  that  tables  will  catch  a  certain  amount 
of  mineral  (especially  coarser  grains)  which  will  escape  in  the  flotation 
process.  For  this  reason,  tables  have  to  be  used  to  insure  the  highest 
recovery,^  but  it  seems  that  tables  following  the^  flotation  treatment 
would  make  up  for  this  deficiency  of  the  flotation  machine  better  than 
tables  ahead,  inasmuch  as  they  would  not  work  under  the  disadvantage, 
known  to  every  millman,  of  receiving  too  rich  a  feed.  It  is  well  known 
that  it  is  possible  to  make  a  much  lower  table  tailing  working  on  feed 
containing  a  small  percentage  of  copper  than  on  a  feed  rich  in  copper. 
From  theoretical  speculations,  therefore,  no  valid  reason  was  advanced 
that  increased  recovery  should  result  from  table  treatment  ahead  of 
the  flotation  treatment. 

The  next  argument  advanced  by  the  supporters  of  a  preliminary  table 
treatment  was  that  it  would  result  in  an  improvement  of  the  grade  of 
the  general  concentrates,  inasmuch  as  it  would  be  possible  to  make  a  very 
clean  product  on  the  tables,  thereby  raising  the  general  average  of  the 
concentrates.  There  is  evidently  some  sound  foundation  for  this  point; 
how  much,  could  not  well  be  investigated  without  resorting  to  actual 
experiments. 

A  third  point  seemingly  in  favor  of  preliminary  table  treatment  is 
this:  Flotation  concentrates  offer  more  or  less  difficulty  in  mechanical 
handling;  vacuum  or  pressure  filters  have  to  be  resorted  to  for  this 
purpose.  It  was  pointed  out,  therefore,  that  if  a  certain  percentage  of 
the  total  concentrate  could  be  saved  on  the  tables,  and  a  table  concen- 
trate produced  containing  only  a  small  amount  of  the  slime,  so  trouble- 
some in  filter  treatment,  it  might  be  a  decided  advantage;  the  quantity  of 
concentrate  to  be  handled  on  filters  might  be  materially  reduced  and 
economies  effected  in  this  manner.  At  the  same  time,  experience  shows 
that  the  flotation  concentrate  resulting  under  those  conditions,  because 
it  contains  less  of  the  coarser  sand,  is  more  difficult  for  the  filters  to  handle 
than  it  would  be  were  the  sand  left  in.  Very  likely,  therefore,  no  decided 
improvement  in  the  handling  of  the  concentrates  would  result  from  the 
separation  of  the  table  concentrates  from  the  flotation  concentrates,  at 
least  under  the  conditions  prevailing  here. 

The  same  objections  do  not  hold  true  for  tables  when  used  after  the 
flotation  process,  as  in  that  case  no  limitations  are  imposed  regarding 
the  hydraulic  and  dressing  water,  and  the  tables  cannot  help  but  make 
an  additional  small  recovery  of  concentrate.  On  account  of  the  fact  that 
the  table  feed  is  necessarily  low  in  copper,  the  tailings  wUl  be  corre- 
spondingly low.  In  all  cases,  therefore,  where  flotation  treatment  does 
not  make  a  full  recovery,  or  practically  so,  of  mineral  values,  tabling 
after  flotation  seems  imperative.^ 

^  This  applies  only  to  the  flow  sheet  under  discussion. 

'  This  remark  again  refers  only  to  the  flow  sheet  under  discussion. 
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Although  such  theoretical  considerations  were  indulged  in,  no  deci- 
sion was  based  on  them.  To  settle  the  main  points  in  question,  a  series 
of  tests  was  carried  out.  On  alternate  days,  the  "upper"  tables  were  by- 
passed (Fig.  3)  while  on  the  remaining  days,  they  were  utilized  (Fig.  2). 
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Fio.  3. — Second  Flow  Sheet  of  600-Ton  Test  Mill,  Inspiration  Consolidated, 

Table  1. — Comparison  of  Efficiency  of  Flow  Sheet  No,  1  {Fig.  2)  and 

Flow  Sheet  No.  2  (Fig.  3) 


Flow  Sheet 


Description 


No.  2 


No.  1 


Assay  of  mill  feed 

Assay  of  flotation  machine  feed 

Assay  of  flotation  machine  tails 

Assay  of  lower  table  tails 

Assay  of  general  concentrates 

Recovery  upper  tables  +  flotation  machine 

Recovery  flotation  machine 

Additional  recovery  on  lower  tables 

Total  recovery 

Tonnage  per  deck  on  lower  tables 

Tonnage  per  deck  on  upper  tables 

Oil  consumption,  cresol  +  turpentine  in  pounds  per  ton. . . 


1.72 
1.72 
0.46 
0.29 
32.71 

74.30 

9.40 

83.70 

25.70 

0.95 


1.67 
1.32 
0.43 
0.30 
31.72 
75.30 

7.40 
82.70 
23.20 
87.00 

0.82 


Remarks. — The  recoveries  are  calculated  from  the  feed  and  tailings  assays  and 
the  assay  of  general  concentrates. 

Conclusions. — Roughing  on  upper  tables  reduces  the  tailings  assay  of  the  flota- 
tion machine  slightly,  while  it  does  not  seem  to  affect  the  assay  of  the  lower  tables 
appreciably.     Increased  recovery  results  from  the  use  of  the  lower  tables. 
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Table  1  gives  the  r6sum6,  on  the  strength  of  which  it  was  decided  ot 
use  secondary  tables  only  and  to  leave  the  preliminary  table  treatment 
(ahead  of  the  flotation  treatment)  out  of  the  flow  sheet  to  be  adopted 
in  the  concentrator  under  construction.  That  this  conclusion  is  justi- 
fied seems  to  be  borne  out  by  the  following  facts: 

In  January  and  February,  1914,  the  lower  table  floor  was  not  in  opera- 
tion. For  this  reason,  the  flotation  tailings  were  not  treated  on  tables. 
There  was,  however,  table  treatment  ahead  of  flotation,  the  following  re- 
sults being  obtained :  Table  recovery,  39.42  per  cent. ;  flotation  recovery, 
33.35  per  cent. ;  total  recovery,  72.77  per  cent.  From  March  to  August, 
1914,  various  flow  sheets  were  tried;  tables  were  sometimes  used  pre- 
ceding and  sometimes  following  flotation,  and  sometimes  in  both  places. 
The  figures  on  recovery  are,  for  this  reason,  not  comparable  with  the 
preceding  ones.  From  September  to  December,  1914,  no  tables  were 
used  preceding  flotation;  the  flotation  tailings  were,  however,  treated 
on  tables.  The  results  obtained  were:  Flotation  recovery,  70.83  percent.; 
table  recovery,  7.51  per  cent. ;  total  recovery,  78.34  per  cent. 

Callow  FlotcUion  Installation 

While  the  test  mill  was  in  operation,  Mr.  Callow,  President  of  the 
General  Engineering  Co.,  advised  the  Inspiration  company  that  he  had 
mvented  and  perfected  a  new  flotation  process  which,  in  his  opinion, 
would  give  as  good,  if  not  better,  results  than  the  machine  of  the  Minerals 
Separation  Co.  As  a  consequence,  arrangements  were  made  to  add  a 
unit  of  machines  of  the  Callow  type.  The  flow  sheet  using  Callow 
cells  is  illustrated  in  Fig.  4.  It  consisted  of  four  rougher  flotation  cells, 
which  served  for  the  production  of  a  low-grade  concentrate,  and  another 
cell  of  the  same  construction  which  was  supplied  for  the  purpose  of 
cleaning  the  concentrates  made  on  the  rougher  cells.  The  tailings  result- 
ing from  the  cleaner  cells  were  returned  and  mixed  with  the  pulp  entering 
the  rougher  cells.  With  the  machine  was  furnished  a  Pachuca  tank  for 
the  purpose  of  mixing  flotation  oil  into  the  pulp  entering  the  plant,  should 
it  be  more  desirable  to  do  this  in  addition  to  or  in  place  of  feeding  the  oil 
to  the  grinding  machines,  as  had  proven  useful  both  in  the  small  and  in 
the  larger  test  plants.  As  a  matter  of  fact,  the  use  of  the  Pachuca  tank 
was  abandoned  after  several  months'  operation. 

The  Callow  cells  work  on  a  different  mechanical  principle  from  that 
underlying  the  Minerals'  Separation  Standard  machine,  inasmuch  as  no 
movable  parts  are  used  for  the  purpose  of  producing  the  fine  dissemina- 
tion of  air  with  the  pulp,  which  seems  to  be  essential  for  any  kind  of 
flotation  machine;  while  the  Standard  Minerals  Separation  machine 
depends  on  the  operation  of  fast-revolving  impellers,  the  dissemination 
is  effected  in  the  Callow  machine  by  blowing  air  through  the  pores  of  a 
porous  blanket,  which  forms  the  bottom  of  each  cell. 


RUDOLF  OAHL 


1637 


The  Callow  machine,  illustrated  in  another  paper,  is  ingeniously 
simple.  The  feed  enters  at  the  upper  end  of  the  inclined  bottom,  while 
the  tailings  are  discharged  through  the  float  valve  at  the  lower  end, 
the  concentrates  overflowing  at  the  top  of  the  flotation  tanks.  The 
porous  bottom  of  the  cell  is  set  on  an  incline  to  make  possible  the  treat- 
ment of  feed  containing  coarse  sand.  The  movement  of  such  sand  par- 
ticles from  the  feed  to  the  discharge  end  is  thereby  accelerated. 

The  mechanical  principle  of  aeration  and  agitation  by  the  admission 
of  air  through  a  porous  medium,  which  has  been  termed  "pneumatic 
flotation,"  was  undoubtedly  discovered  by  Mr.  Callow'  and  his  asso- 
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Fig.  4. — Flow  Sheet  of  Experimental  Callow  Flotation  Plant. 

ciates  independently  of  other  inventors,  although  an  earlier  patent 
had  been  taken  out  for  the  same  thing  in  England  by  Minerals  Separa- 
tion (British  Patent  10,929,  May  3,  1910)  and  long  before  the  installa- 
tion of  the  Callow  machine  at  this  mill.  Inspiration  ore  had  been  tested 
in  New  York  by  a  pneumatic  flotation  machine  constructed  jointly  by 
&fessrs.  Flinn  and  Towne.*  The  results  of  this  test  were  so  good  that  a 
small  test  plant  of  this  system  was  installed  at  Inspiration. 

'  Mr.  Callow  refers  to  his  installation  at  the  National  Mill,  MuUan,  Idaho,  April, 
1914,  as  the  first  successful  commercial  plant  utilizing  the  pneumatic  principle. 

*  This  test  was  made  in  the  presence  of  Dr.  L.  D.  Ricketts,  Consulting  Engineer, 
and  W.  D.  Thornton,  Vice-President  of  the  Inspiration  company.  According  to  F.  B. 
Flinn,  a  600-ton  plant  of  the  Flinn-Towne  flotation  system  was  shipped  to  the  Tezuit- 
lan  Copper  Co.  in  Mexico  in  the  spring  of  1913.  This  could  not  be  put  into  operation 
on  account  of  the  political  conditions  prevailing  then.  Otherwise,  this  would  have 
been  the  first  commercial  pneumatic  flotation  plant.  R.  C.  Canby  informs  me  that 
some  tests  carried  out  by  him  suggested  the  idea  to  Messrs.  Flinn  and  Towne  of  con- 
structing a  flotation  machine  to  produce  the  desired  fine  dissemination  of  air  by  blow- 
ing air  through  a  porous  medium. 
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FlinrirTawne  InstaUation 

The  Flinn-Towne  machine,  as  mentioned,  utilizes  the  pneumatic 
principle  also,  but  the  application  is  somewhat  different.  An  illustra- 
tion of  a  single  Flinn-Towne  machine  is  given  in  Fig.  5,  while  Fig.  6 
shows  the  outline  of  the  installation.    The  cells  are  constructed  in  the 


Fia.  5. — Flinn-Towne  Flotation  Machine. 


shape  of  cylindrical  tanks,  the  bottoms  of  which  are  formed  by  the  porous 
medium.  The  feed  enters  near  the  top  in  the  center  of  the  cylinder, 
while  the  tailings  leave  the  machine  through  a  center  hole  in  the  porous 
medium.  In  the  Flinn-Towne  installation,  only  one  roughing  machine 
was  provided,  while  additional  cells  served  for  the  purpose  of  cleaniDfl 
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both  rougher  tailings  and  rougher  concentratea.  The  tailings  produced 
by  the  concentrate  cleaner  cell  were  returned  to  the  head  of  the  roughing 
cell.  In  place  of  the  canvas  blanket  of  the  Callow  machine,  Meeers. 
PUnn  and  Towne  in  the  demoHBtration  test  at  Inspiration  used  car- 
borundum stones  as  the  porous  medium  through  which  the  air  is  injected 
into  the  pulp. 


Fio.  6. — OtmjNB  OF  Flinn-Towkb  Flotation  Installation. 


Cole-Bergman  Inatallation 

The  Flinn-Towne  machine  was  withdrawn  from  the  contest  after  a 
competitive  test  between  this  machine  and  others  had  run  for  several 
months,  although  the  results  obtained  looked  very  encouraging.  Its 
place  was  taken  by  a  flotation  machine  designed  by  Messrs.  Cole  and 
Bergman. 

Their  machine  is  illustrated  in  Fig.  7.  In  principle  the  cells  are 
similar  to  those  of  the  Flinn-Towne  machine.  Evidently,  the  designers 
tried  to  improve  on  this  system  by  mechanically  developing  the  idea 
underlying  the  machine,  and  by  changing  one  point,  which  in  their 
opinion  formed  a  weak  part  of  the  Flinn-Towne  machine.    This  is  the 
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construction  of  the  porous  diaphragm,  which,  as  explained  below,  was 
formed  by  a  round  carborundum  disk.  While  carrying  on  the  test  of 
the  Flinn-Towne  machine,  it  proved  necessary  occasionally  to  wash  the 
carborundum  stones  by  injecting  a  water  pipe  from  the  top  and  even  by 
removing  the  stones  and  cleaning  them  with  water,  acids,  etc.  Messrs. 
Cole  and  Bergman  ascribed  this  deficiency  to  the  fact  that  on  account  of 
the  horizontal  position  of  the  porous  medium,  sand  had  a  tendency  to 
lodge  thereon  and  to  impede  or  prevent  the  passage  of  air  through  the 
pores.  They  substituted,  therefore,  a  system  of  perforated  tubes  covered 
with  a  suitable  fabric,  such  as  canvas  or  flannel.  This  led  to  the  construc- 
tion of  a  porous  medium  in  the  form  of  a  grate,  as  shown  in  the  illustra- 
tions. Their  idea  seems  to  be  a  very  happy  one,  as  it  makes  it  possible 
to  apply  the  flotation  process  to  ore  pulps  containing  comparatively 
coarse  particles  of  sand;  for  instance,  it  seems  possible  to  treat  with  this 
machine  ore  mixtures  that  contain  sand  particles  asL  coarse  as  10-mesh  and 
perhaps  even  coarser.  Using  this  machine,  the  millman  is  now  in  a  posi- 
tion to  treat  slime  by  flotation  without  the  necessity  of  removing  it  from 
admixture  with  sand.  The  Cole-Bergman  machine  has  given  good  results 
in  our  tests,  as  have  the  rest  of  the  machines  utiUzing  the  pneumatic  prin- 
ciple. It  was  operated  in  conjunction  with  a  smaller  machine  of  the  same 
type  installed  for  the  purpose  of  cleaning  the  concentrates  produced  on 
the  Jarger  machine. 

Methods  Followed  in  Competitive  Tests 

In  the  interest  of  a  fair  contest  between  the  flotation  machines  of  the 
different  types,  each  machine  was  provided,  as  nearly  as  possible,  with 
the  same  character  of  pulp  as  the  rest.  In  the  beginning  this  was- ac- 
complished by  providing  each  machine  with  one  or  more  pebble  mills 
to  which  feed  was  sent  in  such  quantities  that  a  mill  product  of  practic- 
ally the  same  fineness  resulted  in  each  case^  When  the  results  of  the 
competitive  tests  began  to  approach  each  other  very  closely,  the  equali- 
zation of  the  pulp  furnished  to  the  different  machines  was  still  improved 
upon  by  mixing  the  ground  product  discharged  from  all  the  mills,  and 
sending  it  to  a  divider  which  permitted  the  division  into  as  many  parts 
as  there  were  competing  machines,  and  in  any  proportion  desired.  As 
it  had  been  decided  in  former  experiments  not  to  install  tables  ahead 
of  the  flotation  process,  no  preliminary  table  treatment  was  used  during 
the  competitive  tests,  but  each  flotation  system  was  furnished  with  a 
set  of  tables  for  the  retreatment  of  the  flotation  tailings.  It  developed 
that  this  was  essential  in  trying  to  arrive  at  a  fair  valuation  of  the  ma- 
chines, as  some  of  the  machines  produced  taiUngs  from  which  additional 
mineral  could  be  extracted  by  the  table  treatment  more  easily  than  from 
the  tailings  of  other  flotation  machines,  the  cause  evidently  being  that 
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flotation  machines  of  one  type  have  a  tendency  to  save  more  of  the  finer 
particles,  while  flotation  machines  of  another  type  permit  of  a  better 
recovery  of  coarser  grains.  Those  flotation  machines  that  make  a  good 
recovery  on  the  sand,  but  leave  a  larger  percentage  of  mineral  in  the 
slime,  will  not  benefit  from  a  subsequent  table  treatment  as  much  as  those 
of  the  other  kind. 

Advardage  of  Pneumatic  Flotation  Mctchines 

In  the  course  of  the  tests  at  Inspiration,  the  fact  became  apparent 
that,  by  the  application  of  the  pneumatic  principle,  a  higher  recovery  of 
the  sUme  is  made  possible  than  without  the  utilization  of  injected  air, 
although  the  Standard  Minerals  Separation  machine  also  gives  excellent 
results  when  the  tonnage  is  reduced  to  a  considerably  lower  figure  than 
the  machine  is  supposed  to  be  able  to  treat  economically. 

Therefore,  in  cases  where  high  power  consumption  is  of  little  impor- 
tance, the  Standard  Minerals  Separation  machine  will  fill  the  requirements 
of  a  flotation  machine  remarkably  well.  When,  however,  the  power  con- 
sumed has  to  be  seriously  considered,  it  seems  advantageous  in  the  light 
of  the  Inspiration  experiments  to  make  use  of  pneumatic  flotation  for  the 
reason  pointed  out  above,  i.e.,  that  poor  work  of  flotation  machines  on 
sands  can  be  made  up  by  a  subsequent  table  treatment,  while  poor  work 
on  slime  cannot.  Within  certain  limits,  it  is  more  important  to  insist 
on  machines  effecting  a  good  sUme  recovery  than  on  machines  making  a 
good  sand  recovery. 

Pneumatic  Machines  of  Minerals  Separation  Co. 

The  Minerals  Separation  Co.,  reaUzing  this,  offered  to  put  in  their 
subaeration  type  of  machine  which  added  the  advantages  resulting  from 
the  use  of  injected  air  to  the  advantages  which  their  Standard  machines 
seemed  to  have  in  saving  coarser  mineral.  This  resulted  in  the  construc- 
tion and  testing  successively  of  two  of  their  subaeration  type  machines, 
one  in  which  the  old  spitzkastens  still  were  retained,  and  another  one  in 
which  they  were  dispensed  with.  As  seen  from  the  illustration.  Fig.  8, 
provisions  were  made  in  the  former  machine  to  admit  air  to  the  pulp 
conduits  carrying  the  pulp  from  the  spitzkastens  to  the  agitating  com- 
partments next  in  succession,  in  order  to  make  this  air  available  to  lift 
mineral  to  the  top  of  the  spitzkastens  where  it  can  be  skimmed  off.  The 
agitating  compartments  are  closed  at  the  top  by  covers  set  on  an  incline 
in  such  a  way  that  the  air  rises  to  the  top  in  the  agitating  compartments 
and  is  conducted  to  the  spitzkasten,  being  thereby  utiUzed  for  the  purpose 
of  carrying  the  mineral  values. 

This  construction  of  the  Minerals  Separation  Co.  was,  however,  only 
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an  intermediate  step  toward  the  design  of  the  second-named  machine, 
a  machine  of  greater  simplicity,  which  is  similar  in  principle  to  the  one 


illustrated  in  Fig.  9.     The  machine  consists  of  a  long  rectangular  tank 
without  any  partitions,  in  which  a  number  of  agitators  revolve,  while  air  is 
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injected  underneath  each  impeller.  We  call  the  machine  the  "Hebbard 
Type"  Minerals  Separation  Machine. 

In  order  to  Umit  the  agitation  to  the  lower  part  of  the  machine  and  to 
provide  an  area  of  comparative  quietness  in  the  upper  part,  a  system  of 
baffles  is  arranged  above  the  agitators.  As  a  consequence,  the  froth  is 
given  a  chance  to  separate  out  in  the  upper  portion  of  the  rectangular 
tank,  and  flows  off  on  both  sides  lengthwise  into  launders  provided  for 
the  purpose. 

This  machine  marks  an  important  progress  in  the  development  of 
the  Minerals  Separation  flotation  systems  toward  increased  recovery  of 
copper,  at  least  as  far  as  the  Inspiration  ores  are  concerned.  In  our  tests 
it  effected  a  higher  recovery  of  the  fine  mineral  particles  than  the  old 
machine  had  accompUshed.  The  machine  also  has  the  advantage  of 
greater  simplicity  and  relatively  low  power  consumption.  The  only 
drawback  that  we  have  found  in  the  operation  of  the  machine,  extending 
over  a  number  of  months,  is  that  the  agitating  shafts,  which  are  suspended 
from  above,  have  a  tendency  to  bend  and,  if  not  straightened,  soon  cause 
the  impeller  blades  to  strike  against  the  baffles,  breaking  one  or  the  other. '^ 

Float  Skimming  Device 

While  the  competitive  tests  of  the  different  flotation  machines  were 
being  conducted,  it  was  observed  that  large  quantities  of  mineral  froth 
frequently  appeared  in  the  tailings  launders.  The  idea  suggested  itself 
to  remove  the  froth,  thus  increasing  the  recovery  obtained  in  the  flotation 
machines  and  concentrating  tables  by  an  additional  small  amount.  After 
some  experimenting,  a  way  was  found  in  which  this  could  be  easily  ac- 
complished. The  taiUngs  launder  was  widened  and  deepened  for  some 
distance.  The  tailings  stream  was  forced  to  pass  underneath  a  baffle  on 
entering  the  widened  space,  and  was  also  forced  to  travel  under  another 
baffle  board  at  the  end  of  the  space,  thus  being  made  to  rise  through  the 
restricted  area  formed  by  the  taiUngs  end  baffle  and  the  back-wall  of  the 
float-saving  device,  which  is  illustrated  in  Fig.  10. 

Contrary  to  what  might  be  expected,  tailings  sand  of  the  fineness  of 
Inspiration  taiUngs  will  not  lodge  in  the  widened-out  space  unless  the 
length  is  greater  than  a  certain  critical  distance,  nor  will  it  choke  the 
upward  channel  in  the  tailings  end  of  the  machine.  When  conditions 
demanded  the  construction  of  the  float-saving  device  in  greater  length,  it 
was  found  that  the  accumulation  of  sand,  which  has  a  tendency  to  form 
in  the  middle  of  the  machine,  can  be  avoided  by  arranging  an  additional 
baffle  not  reaching  quite  to  the  bottom  in  the  center  of  the  machine.     If 

'  This  trouble  is  alleviated  in  the  Hebbard  machines  turned  out  more  recently  by 
the  Minerals  Separation  Co.  by  the  provision  of  suitable  bearings  for  the  impeller 
shafts  in  the  bottoms  of  the  machines. 
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the  machine  is  built  longer  yet,  more  than  one  intermediate  bafSe  is 
necessary.  The  explanation  for  this  behavior  of  the  pulp,  which  at  first 
glance  might  seem  paradoxical,  is  that,  on  account  of  reduced  passageway 
between  the  lower  part  of  the  baffles  and  the  bottom  of  the  machine,  the 
pulp  is  forced  to  travel  through  at  speed  so  high  that  it  will  not  permit 
the  settUng  out  of  sand.  As  a  consequence,  a  hydrostatic  head  will 
estabUsh  itself  between  front  and  back  of  such  a  baffle  and  has  to  be  taken 
care  of  in  the  design.     It  is  found,  however,  in  actual  practice,  that  the 
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Fig.  10. — Diagram  Showing  Origin  and  Development  op  Inspiration  Flotahok 

Machine. 


-hydrostatic  head  required  to  keep  the  sand  from  settling  out  by  creating 
an  accelerated  current  underneath  the  baffle  is  relatively  small. 

A  similar  consideration  explains  the  fact  that  the  upward  tailinp 
passage  at  the  end  of  the  machine  has  very  little,  if  any,  tendency  to 
choke;  to  take  care,  however,  of  possible  choke-ups  that  might  be  caused 
by  the  discharge  of  coarse  rocks,  pieces  of  wood,  etc.,  into  the  pulp,  it  was 
found  advisable  to  arrange  some  air  jets  in  the  bottom  of  the  upward 
taiUngs  passage  to  assist  in  clearing  it  whenever  necessary. 
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Inspiration  Flotation  Machine 
This  device  was  in  actual  operation  for  Beveral  months  at  our  test 
mill  and  made  itself  pay  well  by  adding  about  I  per  cent,  to  the  recovery 


actually  obtained.     The  question  then  presented  itself  as  to  whether  this 
device,  which  was  successful  in  saving  mineral  escaping  from  the  flotation 
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machines  could  not  be  transformed  into  a  flotation  machine  itself  by 
arranging  for  the  injection  of  finely  distributed  air  into  the  pulp  passing 
through  the  machine.  The  development  of  the  idea  led  to  what  we  call 
our  Experimental  Inspiration  Flotation  Machine,  which  was  built  on  a 
small  scale,  that  is  of  a  size  to  treat  up  to  100  tons  in  24  hr.,  and  was 
placed  in  competition  with  the  other  flotation  machines  already  in  exist- 
ence. This  machine  is  illustrated  in  Fig.  11.  The  air  was  injected 
through  a  porous  bottom  arranged  in  a  way  similar  to  the  bottoms  of  the 
Callow  and  Flinn-Towne  machines  (as  a  matter  of  fact,  a  Callow  bottom 
was  used  in  the  first  tests)  and  the  concentrate  flowed  over  the  edge  on 
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Fia.  12.— Tests  with  Callow  Cells  in  Series. 


one  side  of  the  flotation  tank.  The  mode  of  operation  followed  was  also 
similar  to  the  one  developed  for  the  other  air  machines.  A  low-grade 
concentrate  was  produced  and  retreated  on  a  similar  machine  of  the  same 
construction,  called  the  cleaner  machine,  the  tailings  from  which  were 
returned  to  the  head  of  the  roughing  flotation  machine.  As  will  be  seen 
from  the  drawing,  the  construction  of  this  machine  is  extremely  simple 
and  comes  pretty  near  to  an  ideal  of  Mr.  Mills,  our  general  manager,  who 
prophesied  that  the  flotation  machine  of  the  future  would  be  nothing  but 
a  launder  with  provisions  for  injection  of  air.  The  method  of  effecting 
the  concentration  in  two  stages  was  also  followed  when  the  new  types  of 
the  Minerals  Separation  machines  were  put  into  commission. 
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Arrangement  of  Callaw  Cells  in  Series 

In  principle,  the  Inspiration  machine  shows  one  difference  from  the 
Callow  machine;  viz.,  that  instead  of  splitting  the  pulp  between  a  great 
number  of  machines,  it  is  forced  to  travel  through  a  series  of  compart- 
ments in  succession.  This  is  the  same  policy  that  had  also  been  followed 
in  the  construction  of  the  Minerals  Separation  machines.  The  question 
then  came  up,  whether  it  might  not  be  of  advantage  to  arrange  the  Callow 
ceUs  also  in  series.  To  test  out  the  idea,  the  flow  sheet  of  the  Callow 
plant  was  changed  (see  Fig.  12).  The  primary  feed  was  sent  to  two  of 
the  cells,  the  other  cells  receiving  the  tailings  from  these  primary  cells. 
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Fig.  13. — Tests  with  Callow  Cells  in  Sbbieb  with  Classifiers  Between. 

This  arrangement  showed  at  least  no  disadvantage  over  the  multiple 
treatment;  it  seemed  superior  to  the  other  system  in  the  one  respect  that 
it  showed  at  a  glance  whether  the  cells  were  operated  well,  because  in 
that  case  most  of  the  concentrate  would  be  produced  on  the  primary 
cells  while  the  secondary  cells  would  produce  a  rather  light-colored  froth 
and  would  add  only  a  small  fraction  to  the  recovery  made  on  the  primary 
cells.  Both  primary  and  secondary  concentrates  were  treated  jointly  in 
a  cleaner  cell,  while  the  tailings  from  the  secondary  cells  were  conveyed 
to  a  number  of  concentrating  tables  for  retreatment. 

A  variation  of  the  latter  flow  sheet  was  also  tested  (compare  Fig.  13). 
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Between  the  primary  and  secondary  cells,  a  cone  classifier  was  interposed 

a  

for  the  purpose  of  making  a  separation  between  the  sand  and  slime.  The 
slime  was  sent  to  the  secondary  flotation  machines,  while  the  sand  was 
passed  to  tables.  This  latter  flow  sheet  was  finally  decided  upon  for  the 
Callow  installation  in  the  large  concentrator.  Tests  made  with  the  object 
of  establishing  which  of  the  two  is  superior,  resulted  in  a  tie.  Some  of  the 
figures  on  this  point  are  given  in  Table  2. 


Table  2. — Retreatmeni  of  Tailings  from  Two  Callow  Cells.  Comparison  of 
Results  Obtained  from  Two  Different  Methods  as  Shown  in  Figs.  12  and  13. 
Screen  Analysis  of  Feed  and  Tails  of  Secdndary  Callow  Cells 


System  1 

System  2 

JS 

Feed                1 

Tails 

,,,.„,       • 
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1 

Per  Cent. 
Weight 

"1 

Cu 
Con- 
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Per  Cent. 
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4 

Cu 
Con- 
tents 

M 
& 

Per  Gent. 
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Cu 

Cu 
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O 

Ctt 

Coo- 
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Cum. 

In- 
div. 

Cum. 

In- 
diT. 

Cum. 

In- 
dir. 

Cum. 

In- 
div. 

65 
100 
150 
200 

5.0 

10.0 

32.2 

42.4 

100.0 

5.0 
14.0 
13.2 
10.2 
57.6 

0.29 
0.25 
0.20 
0.33 
0.36 

0.32 
0.32 

0.014 
0.035 
0.030 
0.034 
0.201 

5.0 

10.2 

32.4 

42.8 

100.0 

5.0 
14.2 
13.2 
10.4 
57.2 

0.21 
0.15 
0.16 
0.21 
0.27 

0.23 
0.23 

0.011 
0.021 
0.021 
0.022 
0.155 

0.05 
0.06 
0.10 
0.11 
0.20 

0.15 
0.15 

3.8 

10.6 

18.6 

100.0 

3.8 

0.8 

8.0 

81.4 

0.20 
0.25 
0.30 
0.40 

0.007 
0.017 
0.024 
0.826 

4.0 

10.8 

10.0 

100.0 

4.0 

6.8 

8.2 

81.0 

0.170.007 
0.14  0.010 
0.250.021 
0.900.242 

AffiH 

iv  ftftle 

0.323 

0.230 

0.374 
0.370 

0.28  0.280 

Assi^v  direct 

0.26 

Note. — The  concentrates  from  the  flotation  cells  were  in  both  cases  retreated  in 
half -size  Callow  cells,  the  retreatment  tailings  being  returned  to  the  head  of  the  pri- 
mary cells. 

Ton  per 
Primary  Cell 

Tonnage  rate  in  system  1 49. 3 

Tonnage  rate  in  system  2 47. 5 

CoNcmsioNS. — No  advantage  is  apparent  in  favor  of  either  system.  System  to 
be  installed  should  be  decided  from  mechanical  points. 

Variations  of  Flow  Sheet 

In  the  way  of  other  flow  sheet  variations,  etc.,  only  one  thing  was  tried 
to  any  extent;  that  is,  whether  it  is  wise  to  send  the  cleaner  tailings  back 
to  the  head  of  the  rougher  machine  for  retreatment.  In  the  limited  time 
at  our  disposal,  it  proved  impossible  to  substitute  something  better,  but 
the  chances  are  that  the  same  holds  true  of  flotation  that  is  true  for  water 
concentration;  viz.,  that  middlings  are  snnt  back  for  retreatment  mainly 
because  the  designer  does  not  know  anything  better  to  do  with  them. 
In  principle  it  seems  wrong  to  follow  this  practice,  because,  when  heavy 
copper  losses  occur  in  concentrating  machines  which  express  themselves 
in  high  tailings,  there  is  always  a  doubt  as  to  whether  this  is  due  to  poor 
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recovery  made  in  the  primary  treatment  or  to  heavy  losses  incurred  by 
middlings  sent  back  for  retreatment. 

Coal  Tar  as  Flotation  Agent 

It  was  to  be  expected,  when  the  flotation  process  was  installed  in  our 
test  plant,  that  there  would  be  ups  and  downs  in  the  recovery  because 
the  process  was  rather  new,  especially  in  its  application  to  chalcocite  ores. 
For  the  month  of  June,  1914,  the  recovery  obtained  in  the  test  mill  showed 
a  sudden  drop,  and  the  serious  problem  confronted  us  of  establishing  the 
cause  and  finding  a  remedy.  Some  of  the  flotation  experts  suggested 
that  it  might  be  due  to  the  fact  that  a  new  shipment  of  cresylic  acid  which 
had  been  received  and  used  at  that  time  might  not  fill  the  specifications 
of  being  98  per  cent.  pure.  We  did  not  feel  competent  to  say  whether 
the  impurities  actually  amoimted  to  more  than  2  per  cent.  We  were, 
however,  inclined  to  think  that  perhaps  cresylic  acid,  which  is,  as  is  well 
known,  one  of  the  products  resulting  from  fractional  distillation  of  coal 
tar,  might  not  represent  the  fraction  most  suitable  for  the  flotation  of 
our  ores.  Having  no  coal  tar  available  in  the  neighborhood,  we  proceeded 
to  make  some  by  distilling  a  sample  of  ordinary  New  Mexico  soft  coal 
and  separating  the  tar  thus  formed  into  the  fractions  distilling  off  at 
different  temperatures. 

Our  facilities  for  testing  oils  were  limited  at  that  time.  The  Minerals 
Separation  Co.'s  representative  did  not  believe  in  small-scale  tests,  and 
for  this  reason  did  not  recommend  experiments  with  small  testing  machines. 
Nevertheless,  it  seemed  desirable  to  have  something  with  which  to  carry 
out  smaU-scale  laboratory  experiments.  Dr.  Ricketts,  who  was  aware 
of  our  troubles  and  realized  the  importance  of  such  tests,  was  kind  enough 
to  send  us  a  little  electrically  operated  emulsifying' machine,  which  served 
admirably  for  qualitative  tests.  We  also  built  a  testing  machine  based 
on  the  principle  of  the  Standard  Minerals  Separation  machine,  with  the 
difference,  however,  that  instead  of  sending  the  pulp  from  one  agitating 
compartment  to  a  spitzkasten  and  then  into  another  agitating  compart- 
ment and  spitzkasten,  we  made  the  pulp  return  from  the  first  spitzkasten 
to  the  original  agitator,  forcing  it  to  revolve  in  a  closed  circuit.  Our 
laboratory  machine  is  illustrated  in  Fig.  14.  Lately,  a  machine  based  on 
the  same  principle  has  been  put  on  the  market  and  is  sold  by  the  Denver 
Fire-Clay  Co.  Thus,  we  had  a  chance  to  try  the  different  fractions  of 
our  home-made  coal  tar. 

The  chemist  who  conducted  these  tests  (Mueller)  hit  on  the  idea  that 
it  might  be  well,  in  addition  to  trying  the  different  fractions,  also  to  test 
the  coal  tar  as  a  whole.  The  results  were  very  siurprising,  since  they 
showed  that  by  the  addition  of  crude  coal  tar  we  could  effect  a  greater 
recovery  than  we  were  able  to  obtain  by  the  use  of  highly  refined  cresylic 
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acid.  From  this  point  dates  our  experience  that  it  is  better  to  use  coal 
tar  than  soluble  flotation  agents  like  cresylic  acid  to  save  coarse  mineral. 
Cresylic  acid  ia  an  extraordinarily  good  agent  for  producing  froth,  but 


the  froth  which  it  produces  does  not  seem  to  have  as  much  carrying  power 
for  coarse  mineral  as  that  produced  by  coal  tar.  Not  all  coal  tare  are 
equally  good  for  this  purpose.  Testa  in  laboratory  machines  easily  show 
the  difference  between  coal  tars  of  difterent  origin. 
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The  system  that  we  used  to  carry  out  such  tests  has  been  described, 
although  without  authorization,  by  William  A.  Mueller,  one  of  my 
former  assistants  who  took  part  in  these  laboratory  tests.  ^ 

It  is  difficult  to  utiUze  coal  tar  in  plants  using  flotation  supplementary 
to  gravity  concentration,  on  account  of  the  fact  that  it  is  not  easy  to 
effect  a  good  amalgamation  of  tar  with  the  pulp  in  agitating  tanks,  and 
even  in  mechanical  flotation  machines.  The  use  of  coal  tar  lends  itself 
very  well  indeed  to  the  system  of  feeding  tar  into  the  grinding  machines, 
a  system  that,  as  mentioned  above,  had  been  worked  out  in  our  small 
test  mill  and  patented  by  Mr.  Chapman. 

The  company  is  indebted  to  Mr.  Callow  for  proving  the  merits  of 
coal-tar  creosote  as  a  flotation  agent  by  using  it  in  his  demonstration  plant 
at  Inspiration.  After  we  had  estabUshed  the  value  of  coal  tar  by  labora- 
tory tests,  and  while  efforts  were  being  made  to  obtain  it  commercially, 
he  applied  creosote  successfully.  We  have  continued  to  use  it  for  a 
long  time,  mostly  in  combination  with  coal  tar,  and  have  only  recently 
dropped  it,  as  we  find  crude  coal  tar  cheaper  and  better. 

Experience  with  Primary  Slime 

After  the  first  difficulty  that  we  encountered  in  our  large-scale  tests 
had  been  solved  by  the  introduction  of  coal  tar  into  the  flotation-oil 
mixture  so  far  used,  things  went  along  fairly  well  for  some  time  until  a 
new  difficulty  was  encountered.  It  happened  that  once  in  a  while  an 
abimdant  froth  was  produced  on  the  flotation  machines,  but  this  froth 
seemed  to  have  very  little  carrying  power  for  the  mineral  contents  of  the 
ore  and  held  mainly  finely  divided  gangue.  It  was  observed  that  this 
phenomenon  occurred  with  special  severity  whenever  the  ores  shipped 
to  the  test  mill  contained  a  large  amount  of  fines  and  a  small  amount  of 
coarse  rock.  It  was  attributed,  therefore,  to  the  presence  of  what  may 
be  called  primary  slime,  i.e.,  slime  not  formed  by  the  crushing  of  ore  in 
the  mill,  but  originating  from  the  mine.  That  the  falling  down  of  the 
flotation  machines  was  caused  by  variation  of  the  ores  was  proven  by  the 
fact  that  samples  of  the  refractory  ores  when  treated  in  the  laboratory 
testing  machine,  gave  as  unsatisfactory  results  as  the  corresponding  ore 
did  in  the  big  flotation  machines.  To  demonstrate  that  the  presence 
of  the  original  sUme  caused  the  trouble,  samples  of  the  mill  feed  were 
separated  by  screening  them  on  a  200-mesh  screen.  The  oversize, 
when  reduced  to  the  proper  fineness  for  flotation  treatment,  did  not 
offer  the  least  trouble  and  yielded  a  high-grade  concentrate  in  the 
laboratory  machines,  while  the  undersize  proved  extremely  refractory 
(refer  to  Table  3).     The  same  experiment  was  repeated  on  a  large  scale, 

•  William  A.  Mueller:  Use  of  Coal  Tar  in  Flotation,  Engineering  and  Mining 
Journal,  vol.  100,  No.  15,  p.  591  (Oct.  9,  1915). 
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the  products  from  a  Marcy  ball  mill  crushed  to  about  &-me8h  being 
treated  on  a  drag  classifier.  The  oversize,  after  being  reduced  in  pebble 
mills  to  the  necessary  fineness  for  flotation  treatment,  was  sent  to  one 
group  of  flotation  machines,  while  the  overflow  from  the  drag  classifier 
was  sent  to  another  group.  Fig.  15  illustrates  the  results  of  this  experi- 
ment.   While  the  reground  oversize  yielded  remarkable  lean  tailings, 
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Fig.  15. — Tests  to  Determine  Effect  of  Separate  Treatment  of  Sumb  and 

Reground  Sand. 

the  product  containing  the  primary  slime  could  not  be  treated  advan- 
tageously by  flotation.  We  were  almost  on  the  point  of  concluding  that 
in  order  to  get  the  best  results,  a  separation  of  the  primary  sUme  should 
be  made  in  our  large  mill  and  flotation  should  not  be  entirely  relied  upon 
for  the  treatment  of  the  slime.  Before  finally  deciding  on  this  point, 
however,  some  additional  laboratory  experiments  were  made  to  study 
the  influence  of  the  primary  slime  on  flotation.    These  tests  established 


RUDOLF  GAHL 


1655 


Table  3. — Screen  Analysis  of  Ore  Drawn  from  Mill  Bins  and  Flotation 

Tests  of  Different  Screen  Sizes 


Weights*  Per  Cent. 

Per  Cent. 

Total 

Copper 

Copper 
Contents 

Per  Cent. 

Oiddiied 

Copper 

Contents 
Ox.  Ctt 

Flotation  Results 

ReooTery 
Per  Cent. 

Screen  Sise 

Cumul. 

Indiv. 

Tails 

Midds.+ 
Cono. 

Inches 

+    1 

30.8 

30.8 

1.06 

0.324 

0.13 

0.40 

0.22 

12.8 

80.6 

+   H 

47.9 

17.1 

1.34 

0.329 

0.11 

0.19 

0.22 

17.4 

84.7 

Mesh 

+      4 

70.9 

23.0 

1.44 

0.332 

0.12 

0.28 

0.17 

17.1 

89.0 

+      8 

76.2 

4.3 

1.42 
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0.12 

0.06 

0.17 

16.3 

88.8 

+    14 

80.3 

6.1 
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0.13 

0.07 

0.26 

16.8 
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+    28 

84.4 
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Fig.  16. — Influence  on  Flotation  of  Mixinq  Pbimart  Sumb  and 

Regbound  Sand. 

The  +  1-in.  and  +  ^-in  sizes  resulting  from  the  screen  analysis  were  ground  to 
10  mesh,  mixed  with  varymg  amounts  of  —  200  material  and  the  mixtures  ^ound  with 
the  usual  amounts  of  oil  in  the  laboratory  ball  mills.  After  this  prelimmaiy  treat- 
ment, the  samples  were  treated  in  the  laboratory  flotation  machines. 

one  fact  quite  well,  which  is,  that  when  refractory  slime  is  mixed  with  a 
sufficient  quantity  of  coarse  ore  ground  to  the  necessary  fineness,  in  other 
words,  when  the  percentage  of  primary  sUme  in  the  flotation  feed  is  kept 
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low,  the  slime  loses  its  refractory  character.  I  do  not  mean  to  say  that 
by  reducing  the  quantity  of  primary  slime,  the  deleterious  influence  is 
.reduced  in  proportion  so  that  it  cannot  be  detected  as  easily,  but  conclude 
from  our  tests  that  when  the  flotation  feed  contains  a  suflicient  percentage 
of  comminuted  coarse  rock,  the  primary  slime  contained  in  it  can  be 
treated  more  advantageously  than  it  could  by  itself.  Some  tests  bearing 
on  this  point  are  illustrated  in  Fig.  16.  They  indicate  that  as  high  an 
amount  as  20  per  cent,  primary  slime  may  be  mixed  with  ground  coarse 
ore  without  causing  increased  tailing  losses. 

The  concentrates,  according  to  this  set  of  tests,  seem  to  have  a  tend- 
ency, however,  to  carry  more  insoluble  matter  with  an  increasing  per- 
centage of  slime. 

Influence  of  Iron  on  Flotation 

While  these  tests  were  in  progress,  we  made  another  accidental  dis- 
covery which  proved  very  helpful  to  us.  In  our  tests  on  the  most  eco-' 
nomical  way  of  reducing  the  ore  to  the  fineness  necessary  for  flotation 
we  had,  among  other  machines,  a  ball  mill  in  competition  with  pebble 
mills.  In  the  ball  mill,  steel  balls  performed  the  duty  that  in  pebble 
mills  was  done  by  flint  pebbles. 

For  a  while,  the  ball-mill  discharge  was  treated  on  one  flotation 
machine,  while  the  pebble-mill  discharge  was  treated  on  a  group  of  others. 
While  this  flow  sheet  was  being  followed,  we  thought  we  noted  that  a 
flotation  machine  treating  the  ball-mill  product  showed  the  influence  of 
the  primary  slime  to  a  lesser  extent  than  the  flotation  machine  treating 
the  pebble-mill  product.  In  a  discussion  with  Dr.  Ricketts  and  Mr. 
Mills,  the  question  was  raised  as  to  whether  the  iron  introduced  in  the 
mill  pulp  by  the  attrition  of  the  balls  might  not  have  something  to  do 
with  the  fact.  The  question  was  accordingly  made  the  subject  of  some 
laboratory  experiments.  The  results  of  a  series  of  such  experiments  are 
represented  in  Table  4,  and  proved  conclusively  that  the  iron  had  a 
beneficial  influence  on  flotation  in  counteracting  the  harmful  effect  of 
the  primary  slime.  This  discovery  was  one  of  the  inducements  for  in- 
stalling ball  mills  in  the  big  concentrator,  while  originally  pebble  mills 
had  been  considered  for  this  purpose. 

We  have  not  yet  reached  a  point  where  we  can  safely  give  the  reason 
for  the  action  of  the  iron  introduced  into  the  flotation  pulp.  It  is  sure, 
from  the  experiments  referred  to,  that  the  same  results,  as  by  grinding 
with  balls,  could  be  obtained  by  introducing  the  iron  in  finely  divided 
form,  say  in  the  form  of  filings,  into  a  pebble-mill  pulp.  We  supposed 
for  a  while,  and  I  am  not  yet  certain  that  this  supposition  is  incorrect, 
that  the  metallic  iron  might  react  on  the  impurities  contained  in  solution 
in  the  mill  water  and  introduced  therein  with  the  primary  slime.  We 
find,  as  a  matter  of  fact,  that  our  ores  contain  very  little  in  the  nature  of 


ttXmOJjV  GAEtL 


1667 


Table  4. — Effects  of  Iron  and  Other  Solids  on  the  Flotation  of  Refractory 

Copper  Ores 


i 

Grams 
,     Ore 

1 

1 

1 

i 

1 

Per 

Cent. 

Copper 

] 

1 

Grams 
Copper 

C 
Grains 

i 

/onoentra 

tes 

Grams 
Cu 

Re- 
covery 
Per 
Cent. 

Test  No. 

Per 

Cent. 
Cu 

Remarks 

1 

F21 

'     750 

2.01 

15.07 

45 

1 
23.66  1 

10.66 

70. 7     Added  10  g.  iron  fiUngs. 

F22 

1     750 

2.01 

15.07 

47 

29.52  1 

11.52 

!  76.4 

Added  10  g.  iron  filings. 

F27 

750 

2.01 

15.07 

43 

27.10 

11.65 

77.6 

Added    2  g.  iron  filings. 

F28 

760 

2.01 

15.07 

47 

26.90 

12.64 

84.0     Added    2  g.  iron  filings. 

F45 

750 

2.01 

15.07 

51 

23.84 

12.16 

80. 7     Added  10  g.  iron  filings. 

F46 

750 

2.01 

15.07 

48 

25.60 

12.29 

81.6     Added  10  g.  iron  filings. 

F47 

750 

2.01 

15.07 

27 

8.80 

2.88 

15.8     Blank  with  no  solids  added. 

F48 

750 

2.01 

15.07 

28 

8.34  ' 

2.34 

15.5  >  BUnk  with  no  soUds  added. 

F49 

750 

2.01 

15.07 

62 

20.14 

12.49 

83.0  '  Added   10  g.  miscellaneous  iron 
'    filings  from  shops. 

F50 

750 

2.01 

15.07 

63 

20.10  ! 

1 

12.66 

84.0     Added  10  g.   miscellaneous  iron 
filings  from  shops. 

F51 

750 

2.01 

15.07 

60 

18.82 

1 

11.29 

75 . 0     Same  as  F49  and  F60  by  different 
observer. 

F62 

750 

2.01 

15.07 

62 

19.54 

12.11 

80 . 5     Same  as  F49  and  F50  by  different 
1    observer. 

F53 

750 

2.01 

15.07 

29 

6.16 

1.79 

11.9     Blank  with  no  solids  added. 

F54     j 

760 

2.01 

15.07 

30 

7.96 

2.39 

15.9 

Blank  with  no  solids  added. 

F55 

750 

2.01 

15.07 

59 

21.08 

12.44 

82.7  i  Added  10  g.  iron  filings. 

F56 

750 

2.01 

15.07 

56 

25.80  ! 

14.45 

96.0 

Added  10  g.  iron  filings. 

F64 

750 

2.01 

1 

15.07 

65 

19.52 

12.69 

81.9 

Ground  in  mill  with  steel  balls 
instead  of  pebbles. 

L27 

750 

1.10 

12.75 

37 

28.42 

1 

10.51 

81,7 

Blank  on  good  flotation  ore. 

L28 

750 

1.10 

12.75 

34 

28.46  1 

9.85 

78.3 

Blank  on  good  flotation  ore. 

L29 

750 

1.10  ; 

12.76 

76 

1 

5.66  1 

4.30 

33.4  1  Identical  conditions  as  L27  and 
L28  but  added  10  g.  sine  filings. 

L30 

750 

1.10 

12.75 

83 

5.06 

4.20 

32.9 

Identical  conditions  as  L27  and 

1 

1 

1 
1 

L28  but  added  10  g.  sine  filings. 

soluble  salts,  and  that  whatever  they  do  contain  is  mainly  confined  to  the 
prinoiary  slime.  For  this  reason,  in  laboratory  tests  we  have  tried 
repeatedly  to  substitute  pure  water  for  the  water  contained  in  the  mill 
pulp.  In  every  case,  we  have  noted  some  improvements  in  the  results 
obtained.  We  have  also  found  that  when  we  separate  the  water  from  the 
refractory  pulp,  treat  it  with  iron  filings,  and  add  it  to  the  original  pulp 
again,  we  get  a  certain  improvement  in  the  recovery,  but  we  have  not 
been  able  to  get  an  improvement  equally  as  good  as  that  obtained  by 
direct  introduction  of  finely  divided  iron  into  the  pulp.  For  this  reason, 
we  have  often  thought  that  the  effect  of  iron  is  physical  rather  than 
chemical  in  character.  The  iron  exists  in  the  pulp,  at  least  partly,  in 
the  metallic  form,  as  can  be  proven  by  the  use  of  the  magnet.  If  neces- 
sary,  the  effect  of  the  iron  could  be  increased  by  removing  the  iron  con- 
tained in  the  tailings  pulp  by  means  of  electromagnets  and  returning 
it  to  the  mills  or  the  flotation  machines.  Although  we  have  consid- 
ered the  possibility  of  applying  this  fact  commercially,  we  have  not  yet 
done  so. 

I  have  been  told  by  several  people  that  they  have  tested  the  influence 
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of  finely  divided  iron  on  their  ores  and  have  not  obtained  any  improve- 
ment  whatever.  This  ahowB,  evidently,  that  metaUio  iron  is  not  a  uni- 
versal  remedy  for  all  flotation  troubles,  but  as  far  as  our  primary  slime 
is  concerned,  our  experience  leaves  no  doubt  about  its  usefulness,  an^  I 
beUeve  the  figures  qiioted  above  are  positive  enough  to  bear  out  my 
statement.  As  a  curiosity  I  have  included  in  Table  4  some  figures  show- 
ing the  influence  of  the  addition  of  zinc  filings  to  ore  that  without  the 
addition  does  not  offer  any  difficulty  in  the  flotation  treatment. 

Infiuence  of  Ckemicala  on  Primary  Slime 

We  also  found  that  the  harmful  influence  of  primary  slime  can  be 
counteracted  by  the  introduction  of  certain  chemicals;  for  instance,  we 
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have  used  advantageously  sodium  hydroxide  or  potassium  cyanide.  The 
use  of  sodium  hydroxide  was  recommended  to  us  by  the  Minerals  Separa- 
tion Co.,  which,  1  unde!l«tand,  applied  it  first  in  the  plant  of  the  Caucasus 
Copper  Co. 

Fineness  of  Crushing  Desired 

Tests  to  determine  the  most  advantageous  fineness  for  treatment  of 
the  ore  according  to  our  fiow  sheet,  i.e.,  flotation  machines  followed  by 
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tables,  naturally  formed  an  esseatial  part  of  our  testa.  Results  of  this 
character  are  plotted  in  Figs.  17  and  18  and  eeem  to  indicate  that  to  get 
the  best  results  grinding  should  be  carried  to  such  a  point  that  not  more 
than  about  1  or  2  per  cent,  of  the  pulp  will  remain  on  a  4S-meBh  screen 
(Tyler  type).  Thegrindingatourlargeconcentratorisat  present  carried 
closely  to  this  point. 
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OpEaATioN  OF  Large  Concentrator 
Flow  Sheet  of  Callow  Sections 

The  first  four  sections  of  the  Commercial  Concentrator  of  the  Inspira- 
tion company  were  equipped  with  Callow  flotation  machines.  The  flow 
sheet  followed  in  these  sections  is  illustrated  in  Fig.  19.  As  will  be  seen 
from  this  illustration,  the  ore,  after  having  been  reduced  to  the  desired 
fineness,  and  having  been  oiled  in  the  Marcy  ball  mills,  is  sent  to  12  (in 
other  sections  8)  Callow  cells.  The  tailings  from  these  primary  cells 
are  sent  to  a  drag  classifier  designed  by  Mr.  Burch,  which  cfTects  a  sepa- 
ration of  sand  and  slime.  The  slime  is  retreated  in  12  (in  other  sections 
16)  additional  Callow  cells,  while  the  sand  is  sent  to  a  hydraulic  classifier 
and  then  to  tables.  The  concentrates  made  both  on  the  primary  and  the 
secondary  Callow  cells  are  retreated  in  a  group  of  four  Callow  cleaning 
cells  from  which  the  taiUngs  are  returned  to  the  head  of  the  primary 
Callow  cells.  On  the  tables  of  the  Deister  Machine  Co.  a  separation  is 
made  between  concentrates  and  tailings,  but  no  middlings  are  produced 
and  DO  part  of  them  is  reground.  This,  however,  is  probably  only  a 
temporary  arrangement,  the  idea  being  that  a  suitable  regrinding  and 
reconcentration  process  will  be  installed  later,  after  having  been  worked 
out  by  extensive  tests. 
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Flow  Sheet  of  Inspiration  Sections 

Thirteen  sections  of  the  Inspiration  concentrator  are  equipped  with 
Inspiration  flotation  machines.  The  flow  sheet  of  these  sections  is 
represented  in  Fig.  20.  The  ore^  after  having  been  crushed  and  oiled, 
passes  to  the  head  of  the  flotation  machines  and  traverses  their  whole 
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Fia.  19. — Flow  Sheet  op  Inspibation  Concentrator  Sections  Equippbo  with 

Callow  Flotation  Machines. 


length.  The  resulting  tailings  are  spUt,  by  the  same  kind  of  a  drag  W 
mentioned  before,  into  a  sand  and  a  slime  product.  The  slime  product 
is  rim  to  waste.  This  is  thought  permissible  because,  after  having  passed 
through  the  whole  length  of  the  flotation  machine,  the  slime  has  been 
impoverished  to  such  an  extent  that  retreatment  seems  imnecessary. 
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The  sand  product  undergoes  the  same  retreatment  as  that  described  for 
Callow  sections. 
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Fig.  20. — Flow  Sheet  of  Inspiration  Concentratob  Sectionb  Equipped  with 

Inspiration  Flotation  Machines. 


Inspiration  Flotation  Machine  of  Steel  Construction 

Fig.  21  shows  the  drawing  of  an  Inspiration  flotation  machine  of  steel 
construction  as  designed  by  Mr.  Burch's  office.  At  the  end  of  each  sec- 
tion of  eight  compartments,  a  pulp  overflow  is  provided  which  regulates 
the  level  of  the  pulp  in  the  preceding  compartments  of  the  flotation  ma- 
chine. The  subdivision  into  two  sections  of  eight  is  made  in  the  interest 
of  closer  regulation  of  the  pulp  levels.  It  had  been  feared  that  if  no  such 
subdivisions  were  made,  and  the  regulation  of  the  levels  accomplished 
at  the  tail  end  only,  appreciable  fluctuations  might  take  place  in  the  com- 
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partmenta  near  the  feed  end  due  to  changes  in  the  volume  of  pulp  treated, 
and  might  prove  liiglily  undesirable. 


5  \i 
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One  point  in  the  construction  of  the  Inspiration  flotation  machines 
in  which  we  take  considerable  pride,  is  the  method  in  which  the  air  is 
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introduced.     The  machines  have  solid  bottomB;  all  pipe  connections  are 
made  from  above  and  are  at  all  times  visible.    The  porous  bottom  rests  on 
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top  of  the  regular  bottom  of  the  machine  and  is  introduced  from  above. 
It  is  illustrated  in  Fig.  22.     As  will  be  seen,  it  consiats  of  a  lower  air 
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chamber  having  partitions  running  lengthwise,  which,  however,  do  not 
extend  down  to  the  bottom  of  the  air  chamber  and,  for  this  reason,  do 
not  interfere  with  the  interchange  of  air  between  the  narrow  compart- 
ments thus  formed.  A  grate,  which  forms  the  upper  part  of  the  porous 
bottom,  can  be  fastened  to  the  lower  part  by  a  number  of  bolts.  Before 
putting  them  together,  a  porous  medium  (for  instance,  canvas)  is  placed 
between  the  two  pieces.  The  air  enters  through  a  pipe  from  the  top 
which  screws  into  the  lower  casting.  Arrangements  are  made,  of  course, 
to  secure  an  air-tight  joint  where  the  pipe'  passes  through  the  porous 
medium.  When  assembled,  the  bars  of  the  upper  grate  form  channels 
in  the  lengthwise  direction  of  the  machine.  The  bars  are  the  only  parts 
that  protrude  above  the  canvas  and,  on  account  of  their  arrangement 
longitudinally,  they  do  not  interfere  with  the  passage  of  pulp  through  the 
machine. 

The  cleaner  cells  consist  of  six  compartments  in  series.  Both 
rougher  and  cleaner  cells  are  divided  by  a  partition  in  the  middle,  run- 
ning the  whole  length  of  the  machine.  The  operator  is,  therefore,  enabled 
to  throw  all  the  feed  on  one  side  of  the  machine  when  desired,  thus  per- 
mitting repairs  to  be  made  on  the  compartments  of  the  other  side  when- 
ever necessary. 

In  the  beginning,  it  had  been  supposed  that  throwing  all  the  feed 
on  one  side  of  the  flotation  machine  might  seriously  overload  that  side, 
and  for  this  reason,  in  the  first  sections  installed,  provisions  were  made  to 
permit  removing  and  replacing  the  porous  bottom  from  any  one  compart- 
ment without  interrupting  the  flow  of  pulp.  As  far  as  lifting  out  the 
bottom  is  concerned,  this,  of  course,  can  be  done  in  any  case,  but  while 
one  of  the  bottoms  is  withdrawn  sand  will  pile  up  to  a  certain  extent  in 
the  middle  of  the  compartment.  To  remove  this  sand  before  returning 
the  porous  bottom,  a  system  of  perforated  water  pipes  was  installed  under 
the  air  chamber.  They  allow  the  washing  out  of  the  bottom  of  the 
machine  by  the  application  of  water  pressure. 

Minerals  Separation  Section 

One  section  of  the  concentrator  is  equipped  with  machines  of  the 
Minerals  Separation  Co.,  Hebbard  type.  The  flow  sheet,  as  illustrated 
in  Fig.  23,  is  practically  the  same  as  the  one  shown  in  the  Inspiration 
sections.  The  only  difference  is  that  two  cleaner  cells  in  parallel  are 
used  in  place  of  the  one  cleaner  cell  of  the  Inspiration  type.  The  draw- 
ings of  the  machine  are  reproduced  in  Fig.  9. 

Filter  Plant 

It  is  necessary  to  reduce  the  ore  to  a  certain  fineness  before  the  mineral 
contents  of  the  feed  can  be  treated  by  flotation,  and  as  fine  concentrates 
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have  the  characteristic  of  retaining  water  with  greater  tenacity  than 
coarse  concentrates,  a  filter  plant  is  a  necessary  adjunct  of  a  flotation 
plant.  In  the  Inspiration  mill,  both  the  flotation  and  table  concentrates 
are  sent  to  Dorr  thickening  tanks,  five  of  them  being  60  ft.  in  diameter 
and  three  of  them  80  ft.,  representing  a  total  area  of  about  29,217  sq.  ft.. 
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Fia.  23. — Flow  Sheet  op  Inspiration  Concentrator  Section  Equipped  with 

Minerals  Separation  Flotation  Machines. 


or,  as  the  daily  production  of  concentrates  amounts  to  about  600  tons, 
a  setthng  area  of  around  48.7  sq.  ft.  per  ton  of  concentrate  sent  to  the 
settling  tanks.  The  setthng  tanks  are  each  provided  with  a  double  ring 
of  high  baffle  boards  to  prevent  the  foam  that  forms  on  the  top  from 
contaminating  the  overflow.  The  settling  used  to  be  carried  out  in  two 
steps,   some  of  the  tanks  serving  as  preliminary  setthng  tanks,  while 
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others  resettled  the  overflow  from  the  preliminary  tanks.  At  present 
we  operate  all  the  concentrate  settling  tanks  in  parallel.  The  spigot 
discharges  feed  six  Oliver  filters.  The  ratio  of  solids  to  water  ia  about  1.65 
to  1  at  this  point.  The  filters  reduce  the  concentrate  moisture  to  an 
average  of  about  17  per  cent,  of  the  wet  pulp.  This  figure  varies,  how- 
ever, within  rather  wide  limits  from  day  to  day.  The  moisture  content* 
of  the  concentrate  seem  to  depend  in  the  first  place  on  the  percentage  of 
insoluble  material  contained  in  the  concentrates,  as  will  be  seen  from  the 
graphic  representation  of  the  relation  between  the  two  things  in  Fig.  24. 
It  will  be  noted  that  a  rise  in  the  percentage  of  insoluble  matter  generally 
corresponds  to  a  rise  in  the  concentrate  moisture  and  vice  versa.  A 
moisture  of  17  per  cent,  ia,  of  course,  in  excess  of  what  seems  desirable 
in  view  of  the  fact  that  the  smelter  penalizes  water  contained  in  the 


Fio.  24, — CuRvxB  Showing  Relation  betwbbn  Moisturb  Contkntb  and  1h- 
BOLUBLB  Matfeb  in  Comcsntbatos.     Octtobeb,  1915. 


concentrates.  For  this  reason,  several  attempts  have  been  made  to 
reduce  the  moisture.  The  first  plan  followed  was  to  inject  steam  into 
the  filter  tank,  with  the  object  of  heating  the  pulp.  An  appreciable 
increase  in  the  capacity  resulted  from  this,  while  no  marked  reduction  of 
the  moisture  contents  took  place.  The  same  effect  was  obtained  by  the 
addition  of  slacked  Ume,  which  we  tried  lately  in  our  (Hiver  filters.  It 
shows  itself  very  readily  in  the  formation  of  a  thicker  filter  cake,  thus 
causing  a  larger  output  of  the  filters.  We  have,  however,  not  been  able 
to  effect  a  reduction  in  moisture  by  the  use  of  lime.  We  have  adopted 
the  addition  of  lime  to  the  filter  pulp  in  regular  operation  on  account  of 
its  decided  benefit  as  far  as  the  capacity  is  concerned.  As  a  rule,  five 
filters  can  handle  the  whole  output  of  the  concentrator;  that  is,  each  12 
by  12-ft.  Oliver  filter  has  a  capacity  of  about  120  tons  in  24  hr. 
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Results  Obtained  in  Commercial  Concentrator 

On  account  of  the  fact  that  the  concentrator  operated  by  the  Inspira- 
tion company  has  only  just  left  the  stage  of  constructioni  it  is  not  possi- 
ble to  give  results  obtained  in  the  operation  of  it  as  a  whole.  As,  however, 
an  interval  of  several  months  has  elapsed  between  the  starting  of  the 
first  and  the  18th  section,  we  are  in  a  position  to  give  at  least  preliminary 
results  derived  in  actual  operation  on  a  fairly  large  scale. 

Tonnage 

Each  of  the  sections  of  the  Inspiration  concentrator  has  a  rated  capac- 
ity of  800  tons;  at  present  most  of  the  sections  exceed  900  tons  actual 
capacity.  Ordinarily,  this  tonnage  is  treated  on  one  Standard  duplex 
Inspiration  machine  consisting  of  16  double  compartments,  while  the 
concentrates  are  cleaned  on  a  cleaner  cell  with  six  double  compartments. 
The  size  of  the  roughing  compartments  is  3  ft.  by  4  ft.  3  in.;  the  size  of 
the  cleaner  compartments  is  3  ft.  by  3  ft.  Accordingly,  the  total  area  of 
combined  rougher  and  cleaner  cells  is  492  sq.  ft.  Assuming  the  tonnage 
handled  to  be  800  tons,  this  makes  a  tonnage  treated  of  1.62  tons  per 
day  per  square  foot  of  surface.  In  the  course  of  construction,  the  erection 
of  flotation  machines  did  not  always  keep  pace  with  the  erection  of  the 
grinding  mills.  For  this  and  other  reasons,  it  has  frequently  been  neces- 
sary to  combine  the  product  from  the  two  grinding  sections  in  one  flota- 
tion section;  in  other  words,  to  throw  an  overload  of  100  per  cent,  on  the 
flotation  machines.  Our  experience  is,  that  overloading  the  machines 
by  100  per  cent.,  or  raising  the  tonnage  to  3.24  tons  per  square  foot  of 
surface,  does  not  increase  the  tailing  losses  very  materially. 

It  follows,  therefore,  that  the  machines  handle  an  overload  without 
serious  additional  copper  loss,  and  it  has  been  our  experience  that  there 
is  no  mechanical  trouble  whatever,  connected  with  overloading  the  flota- 
tion machines  to  such  an  extent.  We  have  also  had  to  resort  to  over- 
loading the  Callow  cells,  and  have  likewise  found  that  the  recovery  does 
not  fall  off  seriously. 

For  the  Minerals  Separation  machine  of  the  Hebbar'd  type,  which  is 
installed  in  our  Section  No.  10,  we  have  no  figures  of  a  similar  character. 

Air  and  Power  Consumption 

We  have  found  that  three  blowers,  of  a  capacity  of  8,000  cu.  ft.  per 
minute  each,  are  sufficient  to  supply  air  for  six  sections  of  flotation  ma- 
chines. Accordingly,  one  section  requires  4,000  cu.  ft.  of  air  per  minute. 
As  the  flotation  machines  in  an  Inspiration  Section  have  a  surface  of  492 
ft.,  it  follows  that  the  air  consumption  per  square  foot  of  porous  surface 
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is  11.8  cu.  ft.  per  minute;  the  maximum  pressure  required  is  4J^  lb.  at 
the  blowers,  and  practically  the  same  at  the  flotation  machines,  as  there 
is  no  serious  loss  of  pressure  in  the  air-conduits.  The  power  consumed 
for  furnishing  air  has  been  determined  carefully  by  wattmeter  readings 
of  the  motors  furnishing  power  for  the  blowers.  The  actual  power  con- 
sumed is  87.5  kw.  per  section;  or,  figuring  again  with  the  rated  section 
capacity  of  800  tons,  2.63  kw.-hr.  per  ton  of  ore  treated.  We  have  not 
been  able  to  make  separate  tests  for  the  Callow  and  Inspiration  sections, 
but  assume  that  the  air  consumption  is  approximately  the  same  in  both. 
We  have  no  figures  yet  for  the  Hebbard  type  machine.  To  get  the  total 
amount  of  power  consumed  in  connection  with  the  flotation  machines, 
a  small  amount  of  power,  probably  about  10  kw.  or  0.30  kw.-hr.  per  ton 
of  ore,  has  to  be  added  to  the  power  consumed  for  the  production  of  air 
on  account  of  the  fact  that  the  cleaner  taUings  are  pumped  back  to  the 
rougher  cells  and  retreated,  and  that  in  the  Callow  sections  the  slime 
overflow  of  the  drag  classifiers  is  repumped  to  the  secondary  flotation 
cells.  In  the  Inspiration  sections,  0.425  sq.  ft.  of  actual  open  porous 
surface  and  0.615  sq.  ft.  of  flotation  machine  area  are  provided  for  the 
treatment  of  1  ton  of  ore  in  24  hr. 

Floor  Space 

The  total  floor  space  pf  the  flotation  floors  amounts  to  25,200  sq.  ft., 
or  1.75  sq.  ft.  per  ton  of  ore  treated  in  24  hr.  (rated  capacity).  The  total 
floor  space  occupied  by  the  concentrator  proper  (not  including,  however, 
the  crushing  plant  located  at  the  mine)  is  81,900  sq.  ft.  or  5.68  sq.  ft.  per 
ton  of  ore,  and  the  total  floor  space,  if  the  settling-tank  installation  outside 
the  main  mill  building  is  also  included,  is  250,890  sq.  ft.,  or  17.4  sq.  ft. 
per  ton  of  ore  (rated  capacity). 

Water  Consumption 

The  water  added  to  the  pulp  where  it  reaches  the  flotation  machines 
is  about  3  tons  of  water  for  each  ton  of  solid  pulp.  The  subsequent 
treatment,  in  our  case,  requires  a  further  addition  of  nearly  3  tons  of 
water  per  ton  of  dry  ore.  However,  as  it  is  carried  out  on  pulp  that  has 
been  deprived  of  its  slime  contents  by  passing  it  over  drag  classifiers,  the 
water  thus  entering  the  table  tailings  can  be  easily  removed  again.  This 
is  accomplished  in  our  case  by  settUng  the  table  tailings  separately  from 
the  slime  tailings.  The  settling  of  the  sand  taUings  is  effected  in  a  settling 
tank  of  home  construction,  consisting  of  a  rectangular  box  with  a  sloping 
bottom  into  which  a  number  of  Caldecott  cones  are  inserted.  The  result- 
ing overflow  is  not  quite  clear,  but  is  made  so  by  resettling  in  three  6Q-ft. 
Dorr  tanks. 


RUDOLF  OAHL  1669 

Out  of  the  total  quantity  of  water  actually  added  to  the  ore  during 
its  passage  through  the  mill,  amounting  approximately  to  6  tons  of  water 
p)er  ton  of  ore  treated,  as  mentioned  above,  nearly  3  tons,  i.e.,  the  amount 
added  during  the  table  treatment,  can,  as  explained  above,  be  reclaimed 
rather  easily.  For  the  reclamation  of  the  rest  of  the  water,  settling  ponds, 
of  the  well-known  construction  in  which  the  reservoir  is  formed  by  build* 
ing  a  retaining  wall  of  sand  across  a  gulch,  are  resorted  to  in  addition  to 
Dorr  thickening  tanks. 

Recovery 

The  recovery  obtainable  by  the  application  of  our  milling  process  is 
determined  entirely  by  the  composition  of  the  ore,  i,e.,  by  the  relation 
between  sulphide  and  oxide  copper  contained  in  the  ore.  Our  average 
sulphide  copper  extraction  has  been  90.39  per  cent,  for  the  months  of 
March,  April  and  May,  1916,  the  last  months  for  which  figures  were  avail- 
able at  the  writing  of  this  paper.  A  certain  recovery  of  the  oxide-copper 
Eomerals,  especially  carbonates,  is  made  in  the  flotation  process  as  well  as 
in  the  gravity  concentration  process.  The  percentage  of  such  mineral 
recovery  is  low,  probably  about  25  per  cent.  For  this  reason,  the  re- 
covery obtainable  on  ore  containing  a  high  amount  of  oxide,  such  as 
surface  ore,  is  correspondingly  lower.  We  have  worked  in  the  laboratory 
with  the  object  in  view  of  increasing  the  oxide  recovery;  for  instance,  by 
adding  certain  chemicals  to  the  flotation  pulp.  An  account  of  the  results 
obtained  will  be  found  below,  but  we  have  not  yet  applied  this  method  to 
an  operating  scale,  nor  have  we  decided  on  using  one  of  the  other  methods 
applicable  for  this  purpose,  such  as  leaching. 

Table  6  gives  average  screen  analyses  of  the  feed  and  the  general 
tailings  of  the  Inspiration  concentrator  for  the  months  of  March,  April 
and  May.  A  segregation  is  made  in  the  copper  assay  between  sulphide 
and  oxide  copper,  because,  considering  the  present  stage  of  the  art,  we 
feel  satisfied  with  our  mill  work  whenever  the  sulphide  copper  content 
of  the  mill  tailings  is  low.  As  will  be  seen  from  the  tabulations,  a  better 
recovery  is  made  on  the  —200  material  than  on  the  coarser  constituents 
of  the  ore,  which  proves  the  point  that  for  ores  of  the  character  of  Inspi- 
ration ore  sUming  is  not  to  be  feared  since  the  introduction  of  the  flota- 
tion process. 

Oil  Consumption 

Experience  has  shown  that  in  the  flotation  treatment  of  our  ores,  we 
consume  flotatipn  agents  up  to  IJ^  lb.  per  ton  of  ore.  At  present,  the 
oil  mixture  contains  about  95  per  cent,  crude  coal  tar  and  a  little  less 
than  5  per  cent,  of  oils  derived  from  the  dry  distillation  of  wood. 

The  different  tars  that  we  have  tested  during  the  operation  of  our  mill 
have  shown  greatly  varying  qualities  as  far  as  their  flotation  value  is 
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concerned.  The  first  tar  that  we  tested  and  made  use  of  was  home- 
made from  domestic  coal,  and  happened  to  be  a  very  serviceable  flota- 
tion agent.  Since  that  time,  we  have  tested  tars  from  several  States 
and  have  found  some  that  are  suitable  for  our  purposes,  while  others  are 
less  so,  and  still  others  even  entirely  unsatisfactory.  We  have  obtained 
satisfactory  tar  products  from  New  Mexico,  Colorado,  Missouri  and 
Illinois.  These  States  furnish  at  present  as  much  as  we  need  for  our 
consumption.  For  awhile,  it  seemed  possible  that  we  might  have  to 
import  from  a  long  distance  the  large  quantities  of  tar  that  we  require. 
During  that  period  we  tried  to  find  substitutes,  and  looked  especially 
toward  the  utilization  of  fuel  oil  for  this  purpose,  but  we  have  not  been 
able  to  get  as  good  results  with  any  kind  of  fuel  oil  as  with  crude  coal  tar. 


Table  6. — Average  Screen  Analyses  for  the  Months  of  Mardi,  April 
and  May,  1916,  of  Flotation  Feed  and  Genercd  Tails 
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0.236 

33.6 

12.8 

0.11 

0.014 

0.19 

0.033 

0.80 

0.037 

+200 

39.2 

6.7 

2.69 

0.164 

39.2 

6.7 

0.14 

0.008 

0.19 

0.011 

0.84 

0.019 

-200 

•  •  •  • 

60.8 

1.86 

1.126 

•  •  •  • 

60.8 

0.06 

0.036 

0.47 

0.286 

0.53 

0.332 

Totals 

1 

100.0      .... 

1 

1.667 

•  •  •  • 

100.0 

•  •  •  • 

0.098 

•  •  •  • 

0.847 

*  •  •  ■ 

Q.US 

Assay  direct    .... 

1.62 

•  •  •  • 

■  •  •  • 

•  •  •  • 

0.101 

•  ■  •  ■ 

0.318 

•  •  •  • 

0.419 

' 

1 

0.36 

• 

Our  experience  is,  that  we  can  get  along  with  coal  tar  alone.  It 
is  beneficial,  however,  to  add  wood-distillation  products  in  small  quanti- 
ties, for  instance,  those  containing  pine  oil.  While  coal  tar  makes  a  very 
strong  and  heavy  froth,  such  as  appears  to  be  required  to  keep  coarse 
mineral  particles  in  suspension,  the  wood-distillation  products  have  the 
characteristic  of  producing  a  multitude  of  froth  bubbles,  such  as  seem 
necessary  to  furnish  the  large  surface  required  to  save  the  very  fine 
mineral  particles.  Because  the  finer  ore  particles  (shme),  on  account 
of  their  small  diameter,  expose  a  large  surface,  it  is  evidentiy  necessary 
to  produce  a  correspondingly  large  surface  of  froth  in  order  to  save 
them  by  flotation. 
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Operating  Cost  for  FloUUion 

The  number  of  men  necessary  for  the  operation  of  large  flotation 
machines  is  remarkably  small.  At  the  Inspiration  plant,  one  operator 
supervises  four  sections  of  flotation  machines.  Two  Mexican  helpers 
assist  him  in  washing  the  bottoms,  thus  insuring  a  free  passage  of  air 
through  the  porous  medium.  At  the  prevailing  high  prices  of  American 
and  Mexican  labor,  this  means  an  expense  of  somewhat  more  than  1.5  c. 
per  ton  of  ore  treated.  The  total  expenses  representing  flotation  proper 
were  as  follows  for  the  months  of  March,  April  and  May,  1916: 

Cento  i>er  Ton 

Labor 1.62 

Flotation  oils 1.65 

Other  sapplies 0. 35 

Power 2. 14 

Total 5.76 

The  subsequent  table  treatment  of  flotation  tailings,  the  filter  treatment 
of  the  concentrates  and  other  operations  connected  with  the  process  of 
concentration,  belong  more  or  less  to  flotation  treatment,  and  their  ex* 
pense  should  also  be  considered  when  the  cost  of  the  flotation  process  is 
to  be  established.  The  total  milling  cost,  exclusive  of  crushing  and  grind- 
ingy  has  been  for  the  past  few  months  in  the  neighborhood  of  20  c.  When 
the  cost  of  crushing  and  grinding  is  included,  the  cost  is  about  40  c.  per 
ton  of  ore.  Royalties  for  the  use  of  the  flotation  process  are  not  included 
in  any  of  these  cost  figures. 

Discussion  of  ResuUts  Obtained 

The  criticism  has  occasionally  been  raised  against  the  Inspiration 
company  that  they  were  slow  in  deciding  on  the  design  of  a  concentrator. 
The  reason  for  such  slowness  was,  of  course,  that  the  development  of  the 
flotation  process  coincided  with  the  period  during  which  the  fundamental 
points  in  the  design  of  the  concentrator  had  to  be  settled.  The  manage* 
ment,  therefore,  thought  it  best  to  be  very  conservative  in  installing 
standard  concentrator  equipment,  which,  in  case  the  new  process  held 
what  it  seemed  to  promise,  might  prove  to  be  entirely  superfluous.  The 
main  point  of  interest,  therefore,  is  whether  it  was  wise  for  the  company 
to  wait  instead  of  installing  a  gravity  concentrating  plant  as  had  been 
originally  considered. 

As  far  as  the  comparison  of  a  flotation  plant,  as  at  present  operated 
by  the  company,  with  the  gravity-concentration  plant,  as  originally  con- 
sidered, is  concerned,  the  recoveries  actually  obtained  in  the  company's 
flotation  plant  are  so  much  higher  than  those  indicated  by  tests  in  the 
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original  test  mill  as  being  obtainable  in  a  gravity-concentration  plant  on 
ore  of  the  same  character,  that  there  cannot  be  the  least  doubt  which 
system  is  the  better. 

In  discussing  the  second  question  which  comes  up  in  this  connection, 
whether,  for  ores  of  the  character  of  Inspiration  ore,  gravity  concentration 
supplemented  by  flotation  would  be  preferable  to  the  simple  flotation 
process  that  has  been  adopted  by  the  Inspiration  company,  the  crucial 
point  is  this:  Can  the  sUme  be  reduced  to  lower  copper  contents  by  a 
combined  process  than  by  the  process  followed  here?  The  reduction  of 
the  copper  in  the  sand  is,  as  millmen  know,  simply  a  question  of  fine 
grinding  combined  with  suitable  concentration. 

In  support  of  the  principle  followed  by  the  Inspiration  company,  I 
desire  to  call  attention  to  the  screen  analyses  of  our  general  tailings  repre- 
sented in  Table  5.  They  show  that  the  sulphide  copper  left  in  the 
— 200-mesh  material  is  very  low. 

In  addition,  the  floor  space  required  for  a  plant  Uke  this  is  materially 
smaller  than  for  a  plant  of  the  combination  plan,  which  also  means  that 
the  construction  cost  is  much  lower;  and,  further,  the  operating  costs  are 
low  by  reason  of  the  greater  simplicity  of  design.  I  hope  these  facts  are 
sufiicient  to  decide  the  point  at  issue  as  far  as  the  ore  of  this  district  is 
concerned. 

I  hope  that  our  neighbors  of  the  Miami  company,  whose  mill  was  built 
before  the  flotation  process  was  known,  will  uphold  me  in  my  st^itements. 
If  this  point  is  admitted,  it  will  endorse  the  principle  followed  in  the  design 
of  the  Inspiration  mill,  of  doing  away  with  reduction  in  stages  and  con- 
centration in  stages. 

It  must  be  granted  that  the  settling  of  flotation-concentrate  pulp 
requires  extensive  floor  space,  as  shown  by  the  figures  referred  to  above, 
and  that  settling  and  subsequent  filtering  absorb  a  certain  fraction  of  the 
mill  operating  costs.  However,  as  a  ratio  of  concentration  in  the  Inspira- 
tion mill  is  25  into  1,  only  3^5  of  the  ore  is  thus  treated.  The  actual 
expenses  increase,  of  course,  proportionately  for  ore  which  does  not  per- 
mit concentration  with  such  a  high  ratio  as  the  ore  existing  in  the  In- 
spiration mine.  Therefore,  there  will  be  a  point  beyond  which  a  different 
system  of  concentration  is  preferable.  Just  what  the  critical  ratio  of 
concentration  is,  must  be  determined  by  calculation  and  testing  based 
on  individual  conditions. 

Prospects  for  Future  Development  of  the  Flotation  Process 

The  flotation  process  is  in  its  infancy.  For  this  reason,  therefore,  our 
concentrator  must  be  necessarily  in  the  first  stages  of  its  development. 
In  what  direction  future  changes  may  take  place,  is  perhaps  indicated  by 
tests  which  have  been  made  partly  on  a  laboratory  scale  and  partly  on  a 
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somewhat  larger  scale,  but  which  have  not  yet  been  incorporated  into 
our  regular  milling  process.  Of  these  latent  developments,  I  will  try  to 
give  an  outline  in  the  following: 

PoroVrS-Bottom  Experiments 

The  porous  bottom  is,  as  one  may  imagine,  the  most  essential  part  of 
a  pneumatic-flotation  machine.  Our  experience  with  the  porous  bottoms 
of  the  different  constructions  brought  out  very  clearly  the  principal  dif- 
ficulty attached  to  them,  which  is,  that  the  pores  have  a  tendency  to 
contract  gradually  and  thereby  to  retard  the  passage  of  air  through  them. 
This  tendency  was  more  pronounced  in  the  solid  porous  bottoms  em- 
ployed in  the  FUnn-Towne  flotation  machine  than  it  was,  for  instance,  in 
those  of  the  Callow  type,  although  the  latter  also  show  a  tendency  in  this 
direction.  Our  first  supposition  was  that  the  choking  was  due  to  the 
fact  that  the  air  entering  below  the  blankets  carried  particles  of  dust, 
which  would  settle  in  the  fine  pores  and  reduce  their  area.  Indeed,  a 
canvas  blanket  will,  after  a  certain  length  of  service  as  a  porous  medium, 
always  show  some  ring-shaped  spots  of  dark  color  opposite  the  air  inlets, 
clearly  indicating  that  a  deposition  of  dust  particles  on  the  blanket 
actually  does  take  place.  To  make  sure  of  this  point  we  cut  out  round 
disks  from  a  Callow  blanket  that  had  been  used  for  some  time  and  in- 
vestigated their  porosity  by  using  them  as  porous  bottoms  in  a  glass  tube 
standing  in  a  vertical  position.  Air  under  pressure  could  be  applied  to  an 
air  chamber  located  underneath  these  disks,  and  the  air  passing  through 
the  porous  blanket  could  be  measured  by  a  gas  meter.  The  quantity  of 
air  discharged  through  the  porous  medium  offers  a  measure  of  the  porosity 
of  the  blanket,  and  for  this  reason,  the  velocity  or  speed  with  which  the 
counter  of  the  gas  meter  revolves,  gives  an  indication  of  the  porosity  of 
the  porous  disks  being  tested.  To  our  surprise,  we  found  that  the  darkest 
points  of  the  blanket  were  not  those  of  lowest  porosity.  On  the  contrary, 
the  points  farthest  away  from  the  air  inlet  showed  the  greatest  tendency 
to  choke.  An  explanation  of  this  paradoxical  behavior  seems  to  be  offered 
by  the  fact  that  an  air  blanket  is  kept  in  a  state  of  more  or  less  agitation 
near  the  air  inlet  (in  the  Callow  machine  this  happens  to  be  a  point  remote 
from  the  places  where  it  is  held  rigid)  while  farthest  away  from  this  point 
the  blanket  assumes  a  state  of  comparative  rest.  Incrustations,  due 
perhaps  to  the  presence  of  soluble  salts  in  the  water  in  conjunction  with 
fine  slime,  always  form  to  a  greater  or  less  extent  in  the  top  layer  of  the 
blanket.  Evidently,  the  agitation  counteracts  the  formation  of  the 
incrustation,  while  there  is  no  such  counteracting  influence  in  the  portions 
which  are  essentially  at  rest.  For  this  reason,  we  concluded  that  a  solid 
porous  material  is  not  suitable  as  a  diaphragm  in  a  flotation  machine  of 
the  pneumatic  type,  if  a  bottom  of  long  life  is  required.     As  a  matter  of 
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fact,  the  experience  of  everybody  who  experimented  with  solid  bottoms 
seems  to  have  pointed  in  the  same  direction.  Mr.  Cole  for  a  while  tested 
out  carborundum  tubes  in  his  machine.  We  tried  carborundum  stones 
in  the  flotation  machine  of  the  Inspiration  type  and  abandoned  them, 
and  I  believe  that  even  Messrs.  Flinn  and  Towne  have,  in  the  meantime, 
given  up  the  solid  bottom  of  their  original  design. 

A  necessary  condition  for  a  serviceable  flotation  bottom  appears, 
therefore,  that  the  porous  medium  be  of  a  flexible  nature.  The  4-ply 
canvas  stitched  every  half  inch  or  so  which  Mr.  Callow's  first  cells  con- 
tained and  which  we  have  used  for  considerable  time  in  the  Inspiration 
machines,  seems  to  answer  this  purpose  fairly  well.  We  find,  however, 
that  to  keep  it  in  good  working  condition  and  prevent  incrustations  from 
forming  on  the  top,  we  have  to  clean  it  frequently.  This  is  done  by 
dipping  an  iron  pipe  connected  with  a  water  hose  into  the  compartments 
and  sweeping  the  canvas  bottom  with  the  jet  of  water  discharging  from 
the  lower  end  of  the  pipe.  The  canvas  blankets  seem  to  last  for  about 
6  months  at  the  most.  As  they  are  inexpensive,  the  replacing  of  a  bottom 
after  that  time  is  not  a  serious  item  in  the  operating  costs.  The  giving 
out  of  the  canvas  is  due  to  the  wear  caused  by  the  frequent  cleaning. 
The  top  layer  wears  out  first,  the  holes  created  by  the  stitching  forming 
nuclei  for  the  formation  of  larger  holes.  By  the  time  the  top  layer  has 
a  number  of  holes  the  canvas  blanket  is  generally  discarded.  In  the 
interest  of  greater  economy,  we  intend  giving  up  interstitching  the  layers 
of  canvas.  We  are  trying  to  decide  whether  it  is  better  to  use  single 
sheets  of  thicker  fabric  or  to  use  canvas  similar  to  the  kind  that  we  have 
been  using  and  to  put  several  layers  on  top  of  one  another  without 
interstitching  them.  The  latter  has  the  advantage  of  requiring  the  dis- 
carding of  6hly  one  layer,  when  it  becomes  defective. 

There  will  always  be  some  tendency  to  form  incrustations  so  long  as 
canvas  is  used  for  flotation  mediums.  Their  formation  will  be  entirely 
prevented  only  by  substituting  an  altogether  different  material.  We 
have  made  experiments  in  this  direction.  One  of  my  former  assistants, 
R.  H.  Haskell,  deserves  credit  for  suggesting  them.'  For  instance,  we 
substituted  for  the  canvas  blankets,  thin  rubber  sheets  perforated  with  a 
multitude  of  needle  holes  and  obtained  an  excellent  froth.  The  objec- 
tion to  their  use  is  that  their  life  is  limited.  When  sheets  of  rubber  of 
an  increased  thickness  are  used,  the  needle  holes  require  too  much  pres- 
sure to  form  openings  of  sufficient  size  for  the  passage  of  air,  and  to  make 
a  thick  rubber  sheet  suitable  for  this  purpose,  slits  several  millimeters 
long  have  to  be  substituted  for  needle  holes.  We  have  had  one  or  two 
rubber  bottoms  of  this  design  in  operation,  but,  just  at  present  we  are 
not  ready  to  substitute  them  for  canvas  blankets.  We  also  tried  a 
blanket  made  from  a  material  that  goes  under  the  name  of  sponge  rubber 
and  can  be  produced  with  rather  fine  texture.    We  have  not  been  able. 
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however,  to  obtain  lastingly  good  results  from  the  use  of  this  medium. 
Furthermore,  we  tried  a  woven  fabric  containing  rubber  threads  in  one 
direction  and  threads  of  cotton  or  the  like  in  the  other  direction  and  a 
rubberized  canvas  made  by  the  Goodrich  Rubber  Co.  We  are  not 
prepared  to  use  any  of  these  materials  on  a  commercial  scale. 

The  advantage  of  rubber  should  be,  in  the  first  place,  that  on  account 
of  its  smoothness  it  would  have  less  tendency  than  canvas  to  permit  the 
formation  of  incrustations.  Besides,  an  elastic  medium  should  have  the 
additional  advantage  of  avoiding  the  danger  of  catching  small  sand  or 
slime  particles  in  the  pores  of  the  medium,  as  an  expansion  of  the  medium 
(that  may  be  effected,  for  instance,  by  increasing  the  pressure)  would 
widen  the  pores  and  remove  such  particles.  We  think  that  our  experi- 
mental work  in  this  direction  is  encouraging. 

Raising  the  Orade  of  Concentrates 

The  recovery  that  it  is  possible  to  effect  in  a  flotation  plant  depends 
largely  on  the  grade  of  concentrate  desired.  With  a  low  grade  of  con- 
centrate, low  tailings  can  be  made,  but  when  a  high  grade  of  concentrate 
is  stipulated,  increased  taiUng  losses  cannot  be  avoided.  A  question 
that  suggests  itself  in  this  connection,  and  which  we  have  tried  to  answer 
by  laboratory  experiments  is,  "How  can  we  raise  the  grade  of  our  con- 
centrates— that  is,  reduce  the  percentage  of  insoluble  matter  contained 
in  them — without  entaiUng  additional  copper  losses?"  We  know  from 
laboratory  experiments  that  this  can  be  done  by  expensive  methods — 
for  instance,  by  heating  the  solutions — but  such  a  procedure  would  be 
undesirable  from  an  economical  standpoint.  Experience  has  shown  us 
that  concentrate  produced  in  the  first  compartments  of  the  cleaner  cells 
is  always  freer  from  insoluble  matter  than  the  concentrate  produced  in 
the  last  compartments.  The  problem  then  resolves  itself  into  finding 
a  suitable  cleaning  process  for  the  concentrate  from  the  last  compart- 
ments of  the  cleaning  cells.  By  treating  this  low-grade  concentrate  hot, 
with  the  addition  of  caustic  soda,  we  have  been  able  to  separate  it  into  a 
hi^h-grade  concentrate  and  fairly  low  tailings.  This  method  necessitates 
only  the  expense  of  heating  a  small  fraction  of  the  pulp  and  may  be  a 
commercial  possibility. 

Recovering  Carbonates  by  Flotation 

Another  subject  on  which  we  have  spent  considerable  time  in  our 
laboratory  is  the  problem  of  recovering  copper  carbonates  by  flotation. 
When  we  started  our  flotation  plant,  we  discovered,  to  our  astonishment, 
that  the  machines  not  only  saved  a  high  percentage  of  copper  sulphide 
but  that  they  also  recovered  some  of  the  carbonates.  Ever  since  that 
time^  we  have  tried  to  find  means  of  improving  the  carbonate  recovery. 
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In  the  first  place,  we  studied  all  of  the  oils  that  seemed  to  have  a 
tendency  to  cause  the  flotation  of  such  minerals.  Later  on,  we  tried 
other  means  in  addition  to  the  variation  of  the  oils.  One  way  in  which 
copper  carbonates  and  similar  minerals  might  be  recovered  was  outlined 
by  Alfred  Schwartz  in  his  United  States  Patent  No.  807,601.  The 
process  consists  in  first  artificially  producing  a  sulphide  coating  on  such 
oxidized  minerals  by  the  introduction  into  the  pulp  of  soluble  sulphides, 
and  then  adding  suitable  "oils''  and  effecting  the  flotation.  If  it  were 
possible  to  thus  chemically  produce  coatings  of  sulphide  identical  with 
the  surface  of  the  minerals  formed  by  nature,  this  process  would  work 
well,  as  evidently  the  nature  of  the  surface  is  the  only  characteristic 
that  deterinines  whether  a  mineral  will  float  or  not. 

The  Minerals  Separation  Co.  owns  a  number  of  patents  covering 
this  subject.  Their  English  Patent  No.  26,019,  issued  to  Sulman  and 
Picard,  describes  the  flotation  of  oxide  copper  minerals  by  similar  means. 

I  am  not  aware  that  equivalent  patents  have  been  issued  in  the  United 
States.  The  English  patent  in  question  is  of  a  later  date  than  the 
Schwartz  patent  above  mentioned.  The  representatives  of  the 
Minerals  Separation  Co.  have  experimented  more  or  less  extensively 
with  this  system,  while  demonstrating  their  machine  to  the  Inspiration 
company.  As  far  as  I  know,  they  have  not  proven  its  practicability. 
In  the  course  of  their  experiments,  they  tried  the  appUcation  of  sodium 
sulphide  and  sodium  polysulphide  for  this  purpose.  The  latter  waa 
produced  by  treating  sulphur  with  hot  caustic  soda.  At  the  time  these 
experiments  were  made,  I  was  not  familiar  with  the  chemical  action 
taking  place,  which,  as  much  as  I  know  now,  actually  results  in  the  forma- 
tion of  polysulphide  mixed  with  thiosulphates  and  other  oxygen-sulphur 
compounds.  The  failure  of  their  experiments,  I  therefore  ascribed  to 
the  fact  that  perhaps  a  polysulphide,  which  they  were  anxious  to  make, 
was  not  actually  produced.  I  proceeded  to  make  sodium  polysulphide 
by  a  method  which  I  knew,  that  is,  by  the  treatment  of  a  sodium  sul- 
phide solution  with  sulphur  powder.  When  we  applied  this  reagent 
to  some  of  our  carbonate  ores  in  laboratory  flotation  experiments, 
we  noted  that  a  good  recovery  was  obtained.  The  composition  of  the 
compound  was  varied  materially  in  order  to  find  just  what  composition 
gives  the  best  results  in  the  flotation  of  carbonates.  Our  experience 
seems  to  indicate  that  sodium  sulphide  alone  encourages  the  flotation 
of  carbonates,  but  that  sodium  polysulphide,  or  sodium  sulphide  which 
contains  more  sulphur  than  would  correspond  to  the  chemical  formula 
Na2S  gives  better  results.  The  addition  of  caustic  soda  besides  the 
sodium  polysulphide  was  found  beneficial. 

The  question  then  arose  as  to  why  we  succeeded  in  effecting  the 
flotation  of  oxidized  copper  when  the  experiments  of  the  members  of 
the  Minerals  Separation  staff  failed.    Tests  along  these  lines  brought 
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out  the  fact  that  the  Minerals  Separation  compound  when  applied  to 
our  carbonate  ores  also  worked  successfully,  but  that  it  did  not  on  our 
regular  milling  ore.  Our  own  compound  when  added  to  our  mill  ore 
mixture  increased  the  recovery  of  the  carbonates,  but  evidently  interfered 
with  the  sulphide  extraction,  and  for  this  reason  seemed  to  be  of  as  little 
use  as  the  compound  of  the  Minerals  Separation  Co.  When  applying 
reagents  of  this  character  to  taiUngs  resulting  from  ordinary  flotation 
treatment,  with  the  point  in  view  of  effecting  a  sufficient  sulphide  ex- 
traction by  the  regular  flotation  process,  and  using  the  compound  in 
question  only  for  the  purpose  of  increasing  the  carbonate  extraction, 
we  have  found  so  far  that  the  increase  in  copper-carbonate  recovery  over 
the  one  obtained  without  the  addition  of  such  chemical  compounds 
is  not  worth  going  after. 

But  this  is  only  a  consequence  of  the  fact  that  carbonates  exist  in 
very  small  amounts  only  in  our  milling  ore  and  are  partly  saved  by 
the  ordinary  flotation  process. 

There  is  no  real  difficulty  about  saving  carbonates  by  the  method 
mentioned,  if  they  exist  in  quantities  that  make  it  worth  while  to  save 
them.  That  copper  carbonates  can  be  recovered  may  easily  be  demon- 
strated by  treating  a  deslimed  feed  in  a  series  flotation  machine.  If  at 
the  point  of  the  machine,  where  the  sulphide  recovery  is  nearly  finished, 
sodium  sulphide  is  added,  the  decidedly  green  color  of  the  concentrates 
in  the  following  compartments  leaves  no  doubt  on  this  point.  The 
desliming  of  the  feed  seems  to  assist  in  the  carbonate  recovery. 

It  is  of  considerable  (even  if  only  theoretical)  value  to  establish  why 
sodium  sulphide  and  polysulphide  tend  to  increase  the  recovery  of 
copper  carbonates.  A  coating  that  might  be  expected  to  form  cannot  be 
detected.  The  concentrate  resulting  from  the  treatment  of  pure  car- 
bonate ore  is  decidedly  green;  besides,  when  an  alkaline  condition  of  the 
pulp  is  used  there  is  very  Uttle,  if  any,  tendency  for  any  sulphide  coating 
to  form,  and  the  alkaline  state  of  the  pulp  is  (as  explained  above)  exactly 
the  condition  under  which  the  best  carbonate  extraction  results.  An- 
other point  that  seems  to  contradict  the  explanation  of  these  results 
by  the  assumption  of  a  sulphide  coating  is,  that  when  we  proceeded 
exactly  as  suggested  by  Mr.  Schwartz — i.e.,  when  the  application  of 
soluble  sulphide  was  followed  by  the  addition  of  flotation  agents  and 
by  the  actual  flotation — we  seemed  to  obtain  poorer  results  than  when 
the  procedure  was  reversed  by  applying  the  oil  first  and  following  with 
the  application  of  some  soluble  sulphide,  although  the  latter  method 
would  certainly  seem  less  favorable  to  the  formation  of  a  sulphide  coating, 
and  perhaps  for  this  reason  has  not  been  suggested  by  Mr.  Schwartz. 

Another  theory  that  has  been  mentioned  as  an  explanation  of  this 
phenomenon  is  that  colloidal  sulphur  is  formed  by  the  solution  of  sodium 
polysulphide  in  water,  which,  as  is  known,  is  a  good  flotation  agent.     For 
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instance,  it  is  pointed  out  in  the  United  States  Patent  No.  1,140,865 
taken  out  by  Dr.  R.  F.  Bacon  of  the  Mellon  Institute  in  Pittsburgh, 
that  by  setting  free  colloidal  sulphur,  say  by  the  reaction  of  a  soluble 
sulphide  with  sulphur  dioxide,  good  flotation  results  may  be  obtained 
as  far  as  the  flotation  of  sulphides  is  concerned.  To  make  the  process 
available  for  the  flotation  of  carbonates  and  other  oxidized  copper  min- 
erals, he  suggests  that  a  sulphide  coating  be  first  formed  on  the  minerals, 
i.6.,  to  follow  Mr.  Schwartz's  idea.  Whether  the  colloidal  sulphur  by 
itself  has  a  beneficial  influence  on  the  recovery  of  the  carbonate  (as  has 
been  suggested  in  explanation  of  our  observations)  seems  rather  doubtful 
when  it  is  considered  that  we  have  obtained  good  results  in  alkaline  solu- 
tions in  which  colloidal  sulphur  does  not  seem  to  separate  out  from  poly- 
sulphide  containing  only  a  limited  amount  of  sulphur  such  as  was  used  in 
our  tests.  The  full  theoretical  explanation  of  these  facts  must  therefore 
be  left  to  future  investigations. 

Recovery  of  Silicates 

In  our  experiments  with  the  object  of  saving  the  oxidized  copper 
minerals,  we  soon  foimd  that  we  could  save  some  of  these  minerals,  while 
others  were  entirely  refractory  to  the  method  above  mentioned.  To 
establish  which  minerals  could  be  saved  and  which  not,  we  attempted 
an  analytical  separation  into  carbonates  and  silicates.  The  chemical 
methods  which  we  tried  for  the  purpose  of  distinguishing  between  the 
two  proved  unreliable,  however,  and  we  had  to  resort  to  the  separation 
by  specific  gravity  (panning).  The  carbonates  of  copper  (malachite  and 
azurite)  are  heavier  than  gangue,  and  the  silicates  (chrysocoUa)  are 
lighter.  The  separation  is  rather  difficult,  owing  to  the  small  di£ferenoe 
in  specific  gravity,  and  the  results  are  therefore  far  from  being  altogether 
reliable,  but  they  seem  accurate  enough  to  indicate  that  the  method  of 
saving  carbonate  copper  above  referred  to  is  of  value  only  for  the  recovery 
of  carbonates  and  does  not  apply  to  silicates.  This  fact  seems  to  be 
another  corroboration  of  the  assumption  made  above,  that  carbonates  of 
copper  do  not  float  simply  because  of  the  formation  of  a  thin  surface 
coating  of  copper  sulphide.  It  can  easily  be  verified  in  the  laboratory 
that  silicates  can  be  coated  with  copper  sulphide  fully  as  easily  as  copper 
carbonates.  For  this  reason,  if  the  filming  theory  is  right,  it  should  be 
possible  to  float  silicates  just  as  well  as  carbonates.  There  is  no  doubt 
that  they  can  be  floated  by  transformation  into  sulphides,  only  this 
transformation  must  not  be  confined  to  the  surface,  but  must  go  deeper. 
Our  experience  is,  that  to  efTect  a  good  recovery,  it  is  necessary  to  acidify 
the  pulp  so  strongly  that  practically  all  of  the  silicates  of  copper  are  dis- 
solved and  by  the  action  of  hydrogen  sulphide  or  other  soluble  sulphides 
are  transformed  into  the  state  of  chemically  precipitated  copper  sulphide. 
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In  this  form  there  is  no  difficulty  about  the  recovery  of  the  copper  by 
flotation,  but  this  procedure  is  not  entirely  without  objection. 

In  case  hydrogen  sulphide  gas  is  used,  the  acid  combined  with  copper 
is  regenerated.  This  tends  toward  a  low  acid  consumption  and  a  good 
copper  extraction,  on  account  of  the  fact  that  the  treatment  winds  up 
with  a  small  percentage  of  copper  in  solution  and  free  acid  present,  both 
of  which  are  desirable  in  the  light  of  the  law  of  chemical  mass  action. 
But  hydrogen  sulphide  is  not  a  desirable  reagent.  The  fact  that  it  is  a 
gas  and  not  a  Uquid  introduces  compUcations  in  the  apparatus  which  are 
accentuated  by  the  fact  that  it  is  poisonous  and  obnoxious  otherwise. 

.  Other  soluble  sulphides  used  in  place  of  hydrogen  sulphide  will  neu- 
tralize some  sulphuric  acid  with  the  r^ult  that  the  acid  consumption 
wiU  be  higher  and  the  copper  extraction  lower  than  in  case  of  hydrogen 
sulphide  gas. 

As  far  as  acid  consiunption  is  concerned,  it  is  pointed  out  that  the 
free  acid  lost  with  the  pulp  may  be  settled  out  in  ponds  and  re-used. 
However,  the  re-use  of  acid  diluted  to  such  an  extent  is  a  more  serious 
problem  than  is  generally  realized. 

The  treatment  of  concentrates  that  are  ''coUoidal,"  to  a  much  greater 
extent  than  ores  which  millmen  have  been  in  the  habit  of  calling  colloidal, 
oflFers  additional  problems,  which,  however,  may  prove  not  to  be  as 
serious  as  they  look. 

Everjrthing  considered,  I  cannot  see  that  the  flotation  treatment  of 
oxidized  copper  ores  after  previously  leaching  them  offers  better  prospects 
than  straight  leaching  by  decantation  and  precipitation  by  other  methods. 

General  Theory 

Very  much  has  been  published  recently  about  the  theory  of  the  flota- 
tion process,  and  very  many  suggestions  have  been  made  that  will  prob- 
ably prove  valuable  after  it  has  been  shown  by  critical  tests  how  far 
they  explain  the  facts. 

It  seems  to  me  that  an  explanation  of  the  qualities  of  the  flotation 
oils  is  not  as.  difficult  as  it  might  appear.  The  problem  only  seems  so 
complicated  because  the  flotation  qualities  of  an  oil  or  an  oil  mixture 
have  not  been  separated  into  their  components.  In  fact,  it  requires  a 
combination  of  qualities  to  make  a  successful  flotation  oil.  In  the  first 
place,  the  flotation  oil  has  to  coat  the  mineral  particles.  That  there  is  a 
tendency  for  the  formation  of  such  a  coating  can  easily  be  seen  from  simple 
experiments.  For  instance,  if  samples  of  copper  sulphide  (chalcocite), 
copper  carbonate  (malachite)  and  gangue  (silica)  of  the  same  screen  size 
are  spread  out  on  watch  glasses  and  then  moistened  with  a  drop  of  coal- 
tar  creosote,  it  will  be  seen  that  the  drop  of  creosote  soon  disappears 
through  absorption  by  the  copper  sulphide,  while  it  takes  a  much  longer 
time  for  it  to  be  absorbed  by  the  copper  carbonate  and  a  stfll  longer  time 
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with  the  gangue.  On  the  other  hand,  when  a  drop  of  water  is  placed  on 
the  same  minerals,  it  will  disappear  on  the  gangue  first,  later  on  the  car- 
bonate, and  finally  on  the  copper  sulphide.  This  evidently  proves  that 
in  a  mixture  of  water  and  oil,  the  oil  will  attach  itself  with  preference  to 
the  sulphide  particles  while  the  water  will  have  the  greater  tendency  to 
wet  the  gangue. 

The  second  quality  which  at  least  is  sometimes  required  of  a  flotation 
oil,  is  that  it  has  to  form  a  stable  froth.  In  such  a  case,  the  stability  may 
be  secured  by  more  firmly  cementing  together  the  mineral,  air  and  oil. 
To  accomplish  this,  oils  are  used  which  have  a  tendency  to  float  finely 
divided  gangue  particles.  The  action  is  characteristic  of  the  heavier 
pine  distillates  like  pine  tar  and  the  lighter  ones  like  turpentine  if  they 
are  crude,  unrefined  products;  in  other  words,  when  they  contain  some 
of  the  heavier  distillates.  I  am  not  quite  sure,  however,  whether  the 
beneficial  influence  of  oils  of  this  group  is  not  perhaps  rather  due  to  the 
fact  that  they  remove  colloidal  material  from  the  pulp  and  thereby 
improve  its  tendency  to  float  minerals. 

A  third  quality  demanded  of  a  successful  oil  mixture  is  that  it  must 
be  able  to  produce  a  sufficient  volume  of  froth.  This  property  is  exem- 
plified best  by  oils  of  the  soluble  type — cresol,  pine  oil,  alcohols  and  other 
substances.  It  can  easily  be  proven  that  when  oils  of  this  type  are  used, 
although  they  may  be  considered  insoluble,  the  water  acquires  the  froth- 
ing qualities  of  the  oil.  It  may  be  demonstrated  by  shaking  an  oil  of 
this  character  with  water  and  permitting  the  oil  to  separate  out  again. 
It  will  be  found  that  the  water  has  acquired  frothing  qualities  by  under- 
going this  treatment.  It  is  perhaps  even  likely  that  the  soluble  portion 
of  the  oils  belonging  to  this  group  is  the  only  portion  that  is  active  in  this 
manner.  The  difference  between  the  oils  of  group  1  and  group  3  may  be 
studied,  for  instance  in  a  flotation  machine  of  our  type.  It  will  be  noted 
that  the  heavier  mineral  runs  over  the  concentrate  discharge  largely  in 
the  first  compartments  forming  a  heavy,  dark  froth  and  the  heavy 
insoluble  portions  of  the  flotation  oil  mixtures  apparently  go  with  it. 
Toward  the  tailings  end  of  the  flotation  machines,  most  of  this  dark 
material  has  disappeared  and  the  froth  is  lighter  and  of  a  more  watery 
nature.  The  pulp,  however,  has  not  lost  the  quality  of  forming  froth 
even  after  it  gets  to  the  last  compartment  of  the  flotation  machines.  This 
permits  the  conclusion  that  the  frothing  characteristics  follow  the  tailings 
pulp.  The  water  settled  out  in  tanks  and  tailing  ponds  has  decided 
frothing  qualities.  Such  water  behaves  in  a  similar  way  to  certain 
alcoholic  solutions  with  which  we  are  used  to  associate  this  characteristic, 
for  instance,  beer  or  champagne.  The  experience  of  mills  using  the  flota- 
tion process,  that  when  the  tailings  water  is  reclaimed  the  quantity  of 
frothing  oil  may  be  considerably  reduced,  further  supports  the  assumption 
that  the  formation  of  froth  is  caused  by  water-soluble  substances. 
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Just  how  the  surface  tension  of  water  and  air  must  be  modified  to 
permit  the  formation  of  froth  has  been  made  the  subject  of  some  specula- 
tions recently  published  by  different  authors.  We  have  also  devoted 
some  thought  and  a  few  experiments  in  our  laboratory  to  this  question. 
A  discussion  of  these  matters  belongs  to  the  realm  of  physics,  however, 
and  is  outside  the  scope  of  this  paper.  But  I  might  add  this  remark  to 
the  discussion  of  the  subject  of  flotation  oils,  that  most  flotation  oils  not 
only  have  the  characteristics  of  one  group,  but  may  at  the  same  time 
possess  those  of  another  one.  For  instance,  coal  tar  has  qualities  1  and 
3.  For  the  flotation  of  our  ordinary  milling  ore  we  do  not  require  much 
of  the  quality  of  oil  classified  in  group  No.  2,  and,  therefore,  can  get 
along  with  coal  tar  alone.  But  we  find  it  advisable  to  add  to  the  coal 
tar  more  of  the  qualities  characteristic  of  the  third  group,  and  for  this 
purpose,  we  add  about  5  per  cent,  of  the  total  in  the  form  of  crude  pine 
oil.  In  many  cases  it  is  found  that  the  flotation  oil  has  the  characteristics 
of  group  No.  2  to  such  an  extent  that  it  is  impossible  to  make  clean  con- 
centrates. Various  chemical  means,  such  as  the  addition  of  acid  or 
alkali,  are  used  to  counteract  this. 

Conclusion 

In  summing  up  I  want  to  say  that  the  fact  that  the  Inspiration  com- 
pany has  been  able  to  design  a  commercially  successful  flotation  plant 
and  has  found  ways  that  hold  out  prospects  of  raising  the  plant  to  a  very 
high  state  of  efficiency,  must  be  attributed  to  the  poUcy  followed  by  the 
company  of  spending  great  sums  of  money  for  the  purpose  of  investigating 
the  flotation  process  on  a  commercial  scale.  In  carrying  out  these  inves- 
tigations, a  close  cooperation  between  laboratory  and  operating  force 
helped  us,  I  believe,  more  than  anything  else.  I  would  like  to  give  credit 
to  each  person  who  had  a  share  in  contributing  toward  the  success  of 
the  work,  but  cannot  do  it,  because  the  list  would  be  too  long. 
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A  New  Flotation  Oil 

BT  MAXWELL  ADAMS,  RENO,  MEV. 
(Arisona  Meeting,  September,  1916) 

Considerable  interest  has  recently  been  developed  in  sage-brush  oil 
because  of  its  possible  utilization  as  a  flotation  agent  in  the  mining 
industry.  A  list  of  some  of  its  physical  properties,  together  with  the 
method  used  in  its  extraction,  may  prove  of  interest  at  this  time. 

Something  over  a  year  ago,  a  study  of  the  essential  oils  in  desert 
plants  was  begun  in  the  Chemical  Laboratory  of  the  University  of  Nevada. 
None  of  the  oils  so  far  studied  possess  properties  of  special  interest  to 
engineers,  except  the  oil  of  sage,  Artemesia  tridentaie,  which  has  excep- 
tional power  as  a  flotation  agent.  This  plant,  known  as  common  sage 
brush,  also  called  black  sage,  is  widely  distributed  over  the  semi-arid 
West,  being  found  quite  generally  on  most  of  the  dry  plains  and  mountains 
west  of  Missouri. 

The  method  of  extracting  the  oil  followed  in  these  experiments  is 
very  simple.  The  leaves,  twigs  and  small  branches  are  placed  in  an  air- 
tight drum,  having  a  capacity  of  about  27  cu.  ft.  Steam  is  admitted 
through  a  number  of  small  openings  at  the  bottom  of  the  retort,  and  the 
pressure  maintained  at  20  to  25  lb.  per  sq.  in.  for  3  hr.  The  escape  of 
the  steam  from  the  retort  is  regulated  by  allowing  it  to  pass  through  a 
stop-cock  into  a  condenser.  The  water  in  the  receiver  is  drawn  oflf  from 
time  to  time  and  the  oil,  which  is  insoluble  and  floats  upon  the  water,  is 
thus  collected.  At  the  end  of  2  hr.  most  of  the  oil  has  been  driven  out, 
though  traces  continue  to  come  over  for  a  much  longer  time.  By  rais- 
ing the  pressure,  the  time  required  could  probably  be  shortened  and 
the  yield  increased,  but  the  lack  of  laboratory  equipment  has  prevented 
the  carrying  out  of  this  experiment. 

The  stock  wood,  bark  and  branches  contain  no  oil,  the  distribution 
of  the  oil  being  limited  to  the  leaves  and  young  shoots.  There  is  a  sea- 
sonal variation  in  the  amount  of  oil  contained.  Samples  collected  on 
different  dates  gave  the  following  amount  of  oil:  May  1, 0.42  per  cent.; 
May  27,  0.6  per  cent.;  June  30,  0.72  per  cent.;  Aug.  1,  0.9  per  cent.; 
Sept.  10, 1.0  per  cent.  The  increase  appears  fairly  constant  from  early 
spring,  when  the  leaves  first  appear,  until  light  frosts  occur  in  the 
autumn.    When  the  plant  is  air-dried  there  is  some  loss  of  oil,  as  the 
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following  data  will  show:  Two  100-lb.  samples  were  collected  at  the 
same  time.  One  was  distilled  when  green;  the  other  was  air  dried  for 
10  days  before  distillation.  The  green  sample  yielded  275  grams,  and 
the  dried  sample  248  grams  of  oil,  showing  a  loss  of  about  10  per  cent. 

A  laboratory  experiment  can  furnish  little  data  useful  in  forming  an 
estimate  of  the  commercial  cost  of  production.  A  man  working  for  6 
hr.,  and  using  a  pair  of  common  pruning  shears,  collected  twigs  which 
yielded  1  lb.  of  oil.  Since  only  a  small  percentage  of  the  oil  is  lost  if 
the  brush  is  dried,  the  most  economical  method  of  production  would 
perhaps  be  to  collect  it  in  large  quantities,  by  using  a  tractor  engine  and 
a  drag,  in  some  such  way  as  land  is  cleared  for  farming.  When  the  brush 
is  dry,  the  leaves  and  young  shoots  are  easily  shaken  from  the  limbs. 
Thus  the  amount  of  material  to  be  distilled  would  be  greatly  diminished 
and  the  oil  perhaps  obtained  at  a  cost  and  in  quantity  sufficient  to  make 
it  available  as  a  flotation  oil,  if  not  alone,  possibly  as  an  ingredient,  to 
increase  the  flotative  power  of  other  oils. 

The  crude  oil  is  dark  in  color.  When  redistilled  with  steam  it  is 
water-white  at  first,  changing  gradually  to  a  straw-yellow  color  upon 
standing.  It  has  the  following  physical  properties:  Density  at  15T., 
0.9206.  Refractive  index  at  20°C.,  1.4732.  Rotation  at  20°C.,  -4.69. 
At  98°C.,  a  light  oil,  with  a  very  sharp  and  pungent  odor,  begins  to  dis- 
till, but  only  after  the  temperature  is  above  165°C.  does  rapid  distillation 
take  place.  At  180°C.,  the  oil  turns  dark  and  decomposition  begins. 
At  a  pressure  of  12  mm.,  and  below  125^0.  almost  all  the  oil  can  be 
distilled. 

The  chemical  properties  of  the  oil  are  as  yet  undetermined.  There 
are  small  quantities  of  alpha  and  beta  pinene.  The  main  part  of  the 
oil  has  a  camphor-Uke  odor  and  taste,  but  has  failed  to  give  the  ordinary 
tests  for  ketones.  The  fraction  boiling  at  175°  to  180°C.  has  some  of 
the  properties  of  ordinary  cineol,  but  is  acted  upon  by  metallic  sodium, 
which  indicates  that  the  chief  ingredient  is  not  cineol.  The  chemical 
composition,  which  has  Uttle  interest  in  this  connection,  will  be  worked 
out  later.  The  important  question  for  the  engineer  is:  Can  the  oil 
be  produced  in  quantity  and  at  a  cost  that  will  make  it  available  for  ore 
flotation? 
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A  New  Source  of  Flotative  Agents 
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The  reagents  now  used  in  flotation  consist. of  various  acids  or  salts, 
which  may  be  either  electrolytes  or  non-electrolytes,  dissolved  in  water 
and  some  substance  or  combination  of  substances  which  function  as  col- 
lecting or  frothing  agents.  At  times  the  only  dissolved  salts  present  are 
those  naturally  occurring  in  the  water  used.  The  general  effect  of  the 
electrolyte  is  to  greatly  sharpen  the  separation  between  the  gangue  and 
the  concentrate.  Examples  of  this  are:  The  use  of  sulphuric  acid  with 
zinc  ores;  and  of  sodium  carbonate  or  calcium  oxide  (lime)  with  silver- 
gold  ores.  Crude  pyroUgneous  acid  is  also  sometimes  used  when  avail- 
able. Various  oxidizing  agents,  such  as  permanganates,  bichromates, 
etc.,  are  added  in  the  selective  flotation  of  lead-zinc  ores.  Many  other 
reagents  for  performing  certain  specific  functions,  either  real  or  imagi- 
nary, have  been  proposed,  and  a  number  of  them  have  been  tried  upon  a 
working  scale.  The  wild  orgy  of  experimentation  which  is  now  going 
on  in  flotation  exceeds  even  that  which  foUowed  the  introduction  of  the 
Washoe  process  for  the  treatment  of  Comstock  ores,  when,  among  other 
things,  sage-brush  tea  and  tobacco  juice  were  reagents  added  to  the  pans. 
Out  of  all  this  will,  of  course,  eventually  come  a  more  or  less  standard 
practice  for  the  treatment  of  each  class  of  ore. 

Omitting  a  discussion  of  the  functions  of  frothing  and  collecting 
agents,  the  reagents  used  in  flotation  for  this  purpose  may  be  classified 
under  five  general  heads:  (1)  Essential  oils;  (2)  fixed  or  fatty  oils; 
(3)  alcohols  and  their  combinations  with  organic  acids;  (4)  coal  tar  and 
its  refined  products;  (5)  petroleum  and  its  refined  products. 

A  flotative  agent  of  some  kind  is  required  in  flotation  as  now  prac- 
ticed. A  single  reagent,  as,  for  example,  certain  of  the  essential  oils, 
may  perform  the  dual  function  of  frothing  and  collecting  agent,  or  a  mix- 
ture of  substances  may  be  required. 

In  this  country,  the  essential  oils  used  have  been  wood  products, 
and  have  been  almost  exclusively  confined  to  the  steam-distilled  pine 
oils.  At  the  present  time,  the  supply  of  these  is  Umited,  and  the  cost 
almost  prohibitive,  so  that  their  use  has  been  dispensed  with  as  far  as 
possible.    The  oils  and  tars  resulting  from  the  destructive  distillation  of 
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the  various  species  of  the  conifersB  find  a  more  general  use  on  account  of 
the  greater  supply  and  lower  cost,  although  even  these  have  risen  in  price 
and  the  future  supply  is  somewhat  problematical  if  the  demand  for 
them  in  flotation  continues  to  increase  at  the  same  rate  as  in  the  past. 

The  fixed  or  fatty  oils,  with  the  exception  of  oleic  acid  and  crude 
pyroUgneous  acid,  are  scarcely  ever  used,  since  they  usually  give  poor 
results  as  compared  with  other  flotative  agents. 

Coal  tar  is  a  common  and  cheap  product,  but  not  all  coal  tars  are 
suitable  for  use  in  flotation.  Furthermore,  the  marketing  of  coal  tar  is 
coming  more  and  more  into  the  hands  of  large  distributors,  who  contract 
for  the  output  of  the  various  gas  plants.  The  refined  products  of  coal 
tar  are  useful  flotative  agents,  but  in  the  case  of  certain  of  these,  for  ex- 
ample, carboUc  acid  and  cresol,  the  price  at  present  has  become  prohibi- 
tive. In  general,  crude  coal  tar  yields  the  best  results  when  mixed  with 
other  oils.  It  is  a  frequent  practice  to  use  a  small  proportion  of  pine  oil, 
in  order  to  modify  the  froth.  Fortunately,  in  many  cases  these  cheaper 
mixtures  yield  very  satisfactory  results,  and  can  now  be  obtained  at  a 
reasonable  cost. 

It  appears  that  only  the  crude  petroleum  oils  having  an  asphaltic 
base  are  generally  useful  in  flotation.  These  are  invariably  mixed  with 
other  oils.  The  refined  products  of  petroleum  are  usually  not  satis- 
factory, except  as  constituents  of  oil  mixtures.  The  one  exception  to 
this  is  perhaps  the  case  of  kerosene  acid  sludge,  which  is  a  byproduct  of 
petroleum  refining.  Kerosene  acid  sludge  from  eastern  refineries  gave 
unsatisfactory  results  at  Anaconda,  but  California  kerosene  acid  sludge, 
resulting  from  the  refining  of  crude  oils  having  an  asphaltic  base,  is 
satisfactorily  used  in  conjunction  with  a  small  proportion  of  wood  creo- 
sote for  the  treatment  of  Anaconda  copper  ores.  While  Califomia  kero- 
sene acid  sludge  is  a  satisfactory  flotative  agent  with  many  ores,  the 
available  supply  tends  to  Umit  its  use.  Formerly  California  refiners 
threw  it  away,  but  now  Uttle  of  it  is  available  upon  the  open  market, 
since  practically  the  whole  of  the  present  production  is  contracted  for  a 
long  time  in  advance  by  pioneer  users. 

A  suitable  oil  supply,  both  as  regards  the  character  of  oil  to  give  the 
best  results  and  its  present  and  future  availabiUty,  is  a  matter  of  serious 
consequence  to  companies  operating  flotation  plants.  It  was  with  this 
in  mind  that  I  began  the  investigation  of  possible  sources  of  flotative 
agents,  with  the  particular  object  of  affording  relief  to  mines  located  in 
the  arid  regions  of  the  West,  where  none  of  the  common  flotative  agents 
are  locally  available,  and  where  transportation  costs  upon  those  from  the 
outside  are  high. 

Certain  plants  and  shrubs  have  the  peculiar  property  of  secreting  oil 
in  the  new  growth,  during  the  growing  season,  and  particularly  in  the 
leaves.    Botanists  appear  to  be  imcertain  regarding  the  function  of  this 
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oil  in  the  metabolism  of  the  plant.  Some  hold  that  it  is  a  reserve  food 
supply  for  the  plant,  while  others  believe  that  it  is  waste  product  which 
the  plant  fails  to  throw  off.  Be  this  as  it  may,  many  plants,  shrubs  and 
trees  contain  oil  in  the  leaves  and  new  growth.  A  good  example  of  this 
is  the  case  of  the  eucalyptus  tree,  from  the  leaves  of  which  essential  oils, 
which  are  used  for  various  purposes,  are  recovered  by  steam  distillation. 
The  leaves  of  the  variety  known  as  amygdaUna,  unique  as  being  the  tallest 
tree  in  the  world,  have  afforded  a  large  proportion  of  the  flotative  agent 
used  in  the  concentration  of  complex  AustraUan  ores.  This  variety  of 
tree  is  fortunately  very  plentiful  in  close  proximity  to  these  ore  deposits. 

In  the  great  arid  and  semi-arid  mining  regions  of  the  West  the  most 
common  of  the  few  plants  and  shrubs  native  to  the  region  are  the  varie- 
ties of  sage  brush  known  as  mountain  sage,  pasture  sage,  wormwood 
sage^  etc.;  also,  in  certain  regions,  greasewood  and  other  shrubs  of  a  simi- 
lar nature.  It  is,  therefore,  to  sage  brush  that  my  attention  has  been 
directed  in  the  search  for  flotative  agents  for  concentrating  Western 
ores. 

It  appears  that  the  various  varieties  of  wild  sage  were  first  investi- 
gated by  certain  members  of  the  Department  of  Agriculture,  with  regard 
to  the  possibiUty  of  producing  from  them  by  steam  distillation  essential 
oils  suitable  for  pharmaceutical  use.  Steam-distilled  oil  was  prepared  by 
Rabak^  from  the  variety  artemisiafrigida  in  1905,  and  during  the  summers 
of  1907  and  1908  larger  quantities  of  oil  were  prepared  from  specimens  of 
this  plant,  collected  in  South  Dakota.  .In  1912,  an  essential  oil  prepared 
by  the  steam  distillation  of  Ramona  stachyoidea  (black  sage)  from  southern 
Calif omia  was  also  reported  by  Rabak.  This  oil  was  said  to  contain 
40  per  cent,  of  camphor.  In  1914,  Charles  E.  Burke  and  Charles  C. 
Scalione'  gave  an  account  of  an  investigation  of  an  essential  oil  which 
had  been  prepared  from  the  same  shrub  by  the  steam  distillation  of  several 
himdred  pounds  of  leaves  and  twigs  collected  from  brush  growing  near 
Riverside,  Cal.  The  yield  of  oil  in  this  case  was  0.9  per  cent,  of  the 
weight  of  the  material  used.  This  yield  was  somewhat  higher  than  that 
reported  by  the  Department  of  Agriculture.  This  is  perhaps  accounted 
for  by  the  fact  that  the  brush  was  collected  later  in  the  season.  This  oil 
is  reported  as  having  the  following  composition: 

Per  Cent. 

Pinene 6 

Cineol 30 

Dipentine,  terpinene,  etc 25 

Thujone 8 

Camphor 25 

Resinotis  material 5 

^  Frank  Rabak:  Wild  Volatile-oil  Plants  and  Their  Economic  Importance^  BuOeiin 
No.  235,  p.  22,  Bureau  of  Plant  Industry. 

<  Charles  E.  Burke  and  Charles  C.  Scalione:  Investigations  on  Oil  of  Black  Sage, 
Jovmal  of  Industrial  and  Engineering  Chemistry f  vol.  6,  p.  804  (1914). 
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Camphor  was  separated  from  a  portion  of  the  oil,  thus  demonatratiiig 
the  rather  interesting  possibility  of  black  sage  as  a  source  of  borneol 
camphor.  Upon  request,  Mr.  Scalion^  furnished  me  with  a  small 
sample  of  the  original  oil.  This  oil  is  clear,  with  a  very  slight  yellowish 
tinge,  and  has  an  agreeable  odor.  In  fact,  so  far  as  appearance  and  general 
behavior  goes,  although  the  chemical  composition  is  somewhat  different, 


FiQ,  1.— ABTEiasiA  Tridbntata. 

it  very  much  resembles  steam-distilled  eucalyptus  oil  from  the  Australian 
variety,  amygdalina.  This  oil  is  a  good  frothing  E^ent,  and  it  yielded 
quite  satisfactory  results  upon  lead  and  zinc  ores  in  a  qualitative  way, 
although  the  amoimt  available  did  not  permit  of  thorough  investigation. 
The  idea  of  investigating  sage  brush  and  greasewood  as  posable  sources 
of  flotfttive  agents  was  conceived  early  in  January,  but  it  was  not  until 
early  in  March  that  the  first  100  lb.  of  sage  brush  was  forwarded  to  me, 
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through  the  courtesy  of  G.  B.  Lantz.  This  lot  was  collected  near  Gold- 
field,  Nev.,  and  proved  to  be  the  variety  Arte?7imo  tridetilata.  "In  the 
Western  Arid  Transition  zone  the  fiora  consists  largely  of  the  true  eage 
brush,  Artemisia  tndentata,"'  therefore  this  would  be  the  variety  avail- 
able in  the  greatest  abundance  near  to  .the  mines  of  this  region  (see 
Fig.  1). 

An  apparatus  for  destructive  distillation,  capable  of  treating  30  lb. 
of  brush  at  a  charge,  was  constructed,  and  two  charges  of  the  brush  were 
distilled  (see  Fig.  2).  The  products  which  first  came  over  consisted 
of  acid  liquor  resembling  the  crude  pyroligneous  acid  obtained  from  wood 
distillation,  a  black  oil  or  tar,  and  inflammable  gas.  Finally  these  prod- 
ucts ceased  to  come  over,  but,  upon  raising  the  temperature,  a  conaider- 


Fio.  2, — Experimental  Apparatus  Used  for  the  Dbstbdctivb  Distillation 
ur  Saob  Bkcsb.  A,  burners;  B,  retort;  C,  cold  junction;  D,  tar  tap;  E,  condenser; 
F,  galvanometer;  G,  gas;  H,  distillate. 

able  amount  of  gas  was  given  off  and  a  rather  thick  reddish-brown  Uquor, 
having  an  alkaline  reaction,  began  to  come  over,  and  with  it  was  a  small 
amount  of  tar  similar  to  that  which  came  over  with  the  acid  liquor.  The 
brown  hquor  had  the  characteristic  fishy  odor  peculiar  to  the  amines. 
There  was  also  at  times  a  distinct  ammoniacal  odor.  The  acid  and 
alkaline  liquors  were  kept  separate,  while  the  tar  from  both  was  com- 
bined. These  three  products  were  first  tried  qualitatively  in  the  flotation 
of  finely  ground  samples  of  various  minerals  such  as  galena,  cinnabar, 
pyrite,  etc. 

The  acid  liquor  behaved  very  much  as  does  ordinary  pyrohgneous 
acid.     The  alkaline  liquor  was  a  good  frothing  agent,  but  the  froth 
*  EncydopatHa  BrUannica,  Eleventh.  Edition,  vol.  27,  p.  634. 
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carried  up  little  mineral.    The  tar  wluch  came  over  with  the  acid  liquor 
proved  to  be  a  splendid  flotative  agent. 

Following  this,  quantitative  tests  were  made  upon  a  number  of  diff- 
erent ores,  employing  the  tar  produced  from  this  lot  of  sage  as  a  flotative 
agent.  These  results,  a  number  of  which  are  given  below,  were  in  general 
very  satisfactory. 

A  sample  of  zinc  ore  from  the  Butte  Superior  mine,  Butte,  Mont., 
containing  22.39  per  cent,  of  zinc,  when  tested  in  a  Janney  laboratory 
machine  employing  a  solution  of  0.25  per  cent,  of  sulphuric  acid,  gave 
97.0  per  cent,  extraction  of  the  zinc.  The  first  concentrate  contained 
53.8  per  cent,  of  zinc,  the  second  48.9  per  cent.,  the  third  40.5  per  cent., 
and  the  fourth  18.1  per  cent.  The  oil  consumption  was  at  the  rate  of 
0.4  lb.  per  ton  of  ore. 

A  sample  of  mercury  ore  from  the  New  Almaden  mine,  California, 
containing  0.26  per  cent,  of  mercury,  when  tested  in  a  Janney  machine 
employing  a  0.2  per  cent,  solution  of  sodium  carbonate,  gave  an  eid^rac 
tion  of  90  per  cent,  of  the  mercury.  The  first  concentrate  contained 
3.6  per  cent,  of  mercury,  the  second  2.5  per  cent.,  the  third  1.55  per  cent., 
and  the  fourth  0.95  per  cent.  The  oil  consumption  was  at  the  rate  of  1  lb. 
per  ton  of  ore. 

A  sample  of  lead  ore  from  the  Coeur  d'Alene  region,  contfiuning  12 
per  cent,  of  lead,  when  tested  in  a  Janney  machine  employing  a  0.05 
per  cent,  solution  of  sodium  carbonate,  gave  an  extraction  of  92.2  per 
cent,  of  the  lead.  The  calculated  lead  content  of  the  total  concentrate 
was  37.3  per  cent.  The  oil  consumption  was  at  the  rate  of  0.67  lb.  per 
ton  of  ore. 

A  sample  of  silver-gold  ore  from  the  Ophir  mine,  Virginia  City,  Nev., 
assaying  0.46  oz.  gold  and  7.4  oz.  silver  per  ton,  when  tested  in  a  Janney 
machine  employing  a  0.1  per  cent,  lime  or  sodium  carbonate  solution, 
gave  an  extraction  of  approximately  90  per  cent,  of  the  silver  and  95 
per  cent,  of  the  gold.  The  first  concentrate  assayed  gold  5.3  oz.  and 
silver  198  oz.  per  ton;  the  second,  gold  3.75  oz.  and  silver  72.9  oz.  per  ton; 
and  the  third,  gold  1.32  oz.  and  silver  35.3  oz.  per  ton.  The  oil  consump- 
tion was  at  the  rate  of  approximately  0.6  lb.  per  ton. 

The  oil  consumption  when  employing  sage  tar  appears  to  be  less  than 
with  most  of  the  other  oils  experimented  with  in  treating  the  same  ores, 
and  the  extraction  was  in  general  better.  Since  it  is  the  experience  of 
many  that  large-scale  operation  requires  less  oil  than  is  indicated  by  small- 
scale  tests,  it  is  reasonable  to  suppose  that  the  oil  consumption  in  treat- 
ing the  ores  cited  would  be  materially  lessened  when  working  upon  an 
operating  scale,  and  that  possibly  the  extraction  could  be  bettered.  I 
think  the  latter  is  particularly  true  of  the  Ophir  ore. 

Later  in  March,  another  lot  of  brush  of  the  same  variety  was  collected 
by  Mr.  Lantz  from  the  same  locality,  more  fully  in  leaf  than  that  collected 
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earlier  in  the  season.  Distillations  were  run  on  this  lot,  keeping  the 
various  products  separate,  so  that  they  could  be  properly  measured  and 
weighed. 

Temperature  measurements  were  made  at  regular  intervals  by  means 
of  a  thermocouple,  and  as  a  result  there  was  better  control  of  the  heating 
than  in  former  tests.  The  yield  from  the  last  of  these  tests,  which  was 
the  most  carefully  conducted,  and  was  therefore  the  most  representative, 
was  as  follows: 

Pounds  Per  Cent. 

Weight  of  sage  brush  used 30. 

Acid  Hquor 8.4  28.00 

Tar  with  acid  liquor 1.1  3.66 

Alkaline  liquor 0.66  2.20 

Tar  with  alkaline  liquor 0.09  0.30 

Charcoal 10.00-  33.33 

Gas  (by  difference) 9.7  32.51 

The  retort  was  slowly  heated  for  1  hr.  before  liquid  began  to  condense. 
The  temperature  at  the  center  of  the  charge  at  the  end  of  this  time,  as 
indicated  by  the  thermocouple,  was  60®  C;  the  temperature  at  the  sides 
of  the  charge  was  probably  somewhat  higher. 

In  the  next  period  of  6  hr.,  during  which  the  acid  liquor  and  most 
of  the  tar  came  over,  the  temperature  rose  from  60**  to  275®  C;  the  rise 
above  100°  C.  taking  place  during  the  last  hour  and  a  half. 

The  alkaline  hquor  and  the  last  of  the  tar  came  over  in  the  last  period 
of  3  hr.,  during  which  the  temperature  rose  from  275®  to  611®  C. 

It  is  reasonable  to  assume  that  a  yield  of  about  4  per  cent,  of  the  tar 
oil  can  be  reaUzed  if  the  sage  is  collected  at  the  proper  season  and.the  dis- 
tillation carried  on  by  the  best  methods.  Then  there  is  the  acid  liquor, 
which  in  certain  cases  could  be  used  directly  in  flotation;  or  it  might  prove 
profitable  to  recover  the  alcohol,  acetic  acid,  the  dissolved  tar  oil,  etc., 
which  it  contains.  I  have  not  had  an  opportimity  to  investigate  the 
alkaline  hquor  thoroughly,  but  it  would  seem  to  present  many  interest- 
ing possibihties.  Among  other  things,  the  first  lot  was  found  to  contain 
2.09  per  cent.,  and  the  second  lot  2.18  per  cent,  of  nitrogen.*  I  suspect 
that  this  hquor  may  also  contain  phenoUc  bodies  which  would  be  useful 
in  flotation  when  separated  from  the  other  constituents.  The  charcoal 
is  fine,  but  it  should  be  possible  to  utiUze  it  for  fuel  in  heating  the  retorts. 
One  peculiarity  is  the  high  percentage  of  ash  which  it  contains  (10.5 
per  cent,  in  the  one  sample  analyzed).  This  may  be  in  part  due  to  dust 
upon  the  sage  brush,  although  the  brush  was  chopped  fine  before  dis- 
tillation, and  it  would  seem  that  a  good  deal  of  the  dust  would  be  shaken 
from  it  during  this  operation.  If  the  charcoal  were  burned,  as  pre- 
viously suggested,  the  alkaline  ash  might  serve  instead  of  Ume  or  sodium 
carbonate  in  cases  where  flotation  in  alkaUne  solution  was  practiced. 

*  Analysis  by  Professor  R.  E.  Swain. 
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The  inflammable  gas  would,  of  course,  be  biuned  imder  the  retorts. 
The  proportion  of  the  heat  necessary  for  carrying  on  the  operation  which 
could  be  realized  in  this  way  is  problematical;  however,  it  is  reasonable 
to  assume  that  a  considerable  part  of  that  required  for  destructive  dis- 
tillation could  be  produced  by  burning  the  gas  and  charcoal.  Moreover, 
another  interesting  possibility  in  connection  with  the  heating  of  the 
retorts  is  the  utilization  of  the  waste  heat  from  various  metallurgical 
operations. 

Through  the  courtesy  of  Charles  Scalione,  several  oimces  of  steam- 
distilled  essential  oil  was  prepared  from  the  tip  ends  of  a  portion  of  the 
last  lot  of  sage  brush.  Approximately  1  hr.  was  required  for  distilling 
each  charge  of  20  lb.  The  yield  amounted  to  0.43  per  cent,  of  the  whole 
plant.  This  oil  had  a  greenish-yellow  color  when  first  distilled,  but  be- 
came yellow  upon  standing.  It  has  the  characteristic  penetrating  odor 
of  sage,  and  a  very  decided  tendency  to  creep  up  the  sides  of  the  glass 
containing  vessel.  This  oil  appears  to  have  distinctly  different  properties 
from  the  essential  oil  resulting  from  the  steam  distillation  of  the  black 
sage.  If  gives  promising  results  with  some  ores,  but  in  my  opinion  it 
is  not  nearly  so  good  as  the  tar  oil  resulting  from  the  destructive  distilla- 
tion of  the  same  shrub.  In  fact,  under  ordinary  circumstances,  I  do 
not  think  that  the  steam-distilled  oil  can  be  given  serious  consideration, 
since  the  mines  that  would  be  most  benefited  are  generally  located  where 
fuel  is  high,  and  the  yield  of  oil  is  rather  small,  probably  less  than  1  per 
cent.  In  addition,  there  are  no  other  valuable  products,  unless  the  tannin 
extract  resulting  during  steam  distillation  should  have  a  market  value 
or  a  demand  should  arise  for  "sage  tea."*^ 

Time  has  not  been  available  for  making  analyses  and  a  study  of  all 
the  products  resulting  from  the  destructive  distillation  of  sage.  How- 
ever, sufficient  work  has  been  done  to  show  at  least  that  the  light  tar  is 
an  efficient  flotative  agent  for  a  considerable  number  of  ores,  as  indicated 
by  the  tests  cited. 

The  idea  of  utilizing  sage  brush  in  metallurgy  is  by  no  means  new,  as 
is  shown  by  the  following  quotation,'  referring  to  early  development  of 
the  Washoe  process,  and  the  wild  riot  of  experimentation  accompanying 
it: 

"  The  native  sage  brush,  which  everywhere  covered  the  hills,  being  the 
bitterest,  most  unsavory,  and  nauseating  shrub  to  be  found  in  any  part 
of  the  world,  it  was  not  long  before  a  genius  in  charge  of  a  mill  conceived 
the  idea  of  making  a  tea  of  this  and  putting  it  into  his  pans.  Soon,  the 
wonders  performed  by  the  sage-brush  process,  as  it  was  called,  were 
being  heralded  through  the  land.'' 

*  Patents  are  pending  covering  the  use  of  the  various  sage  products  in  flotation. 
•Dan  De  Quille  (William  Wright):  The  Big  Bonanza,  pp.    138,   140,  American 
Publishing  Co.,  Hartford,  Conn.,  1877. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Aiisona  meetinie,  September,  1016,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  Is  maae,  the  discussion  of  this  paper  will  close  Nov.  1, 1016.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Antecedent  Mineral  Discovery  Requirement 

BT  E.   D.    GARDNER,   M.    E.^    MISSOULA,    MONT. 
(Arisona  meeting,  September,  1016) 

Apparently  the  widespread  agitation  for  the  codification  of  our  mining 
laws  has  had  its  effect,  and  it  is  quite  possible  that  Congress  will  take 
up  the  question  during  this  present  session.  The  greatest  objection  to 
our  present  statutes  pertaining  to  metalliferous  deposits  seems  to  be 
directed  against  the  law  of  the  apex.  Those  who  are  not  in  favor  of 
changing  this  law  are  very  far  in  the  minority  and  they  apparently  realize 
that  it  is  useless  to  urge  its  retention. 

Next  in  importance  to  the  repeal  of  the  law  of  the  apex,  seems  to  be 
a  widespread  advocacy  for  the  repeal  of  the  law  requiring  discovery  of 
mineral  before  a  vaUd  location  of  a  mining  claim  can  be  made.  To  a 
lesser  extent  there  appears  to  be  a  desire  to  have  the  law  changed  so  as 
to  allow  patent  for  claims  without  mineral  discoveries. 

The  purpose  of  this  article  is  to  review  the  arguments  in  favor  of  the 
proposed  change  of  the  discovery  requirement,  to  show  some  of  the  evils 
that  may  be  expected  to  result  therefrom,  and  to  consider  whether  a 
system  may  be  devised  to  correct  the  undesirable  features  of  the  present 
law  in  this  respect  and  at  the  same  time  not  expose  the  mining  fraternity 
and  the  general  public  to  the  evils  which  would  result  from  the  repeal  of 
this  fundamental  requirement. 

Under  the  law  as  at  present  framed,  the  vaUdity  of  a  mining  location 
is  dependent  upon  the  fact  of  discovery  of  mineral  within  the  boundaries 
of  the  land  claimed. 

'**  *  *  but  no  location  of  a  mining  claim  shall  be  made  until  the  discovery  of  the 
vein  or  lode  within  the  limits  of  the  claim  located"  (Sec.  2,320,  U.  S.  Rev.  Stat.).    * 

All  authorities  agree  that  discovery  is  the  source  of  the  miners'  title. 
Lindley,  in  his  valuable  work  on  Mines  (3d  Ed.,  Sec.  335),  lays  down  the 
rule  in  part  as  follows: 

"Discovery  is  the  initial  fact.  Without  that  no  right  can  be  acquired.  *  ♦  * 
Such  discovery  must  precede  the  location,  or  be  in  advance  of  intervening  rights. 
The  proof  of  recording  and  marking  a  claim  will  not  authorize  the  court  to  presume  a 
discovery." 

As  is  well  stated  by  the  U.  S.  Supreme  Court  in  Erhard  v.  Boaro  (113 
U.  S.  536) : 
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"A  mere  posting  of  a  notice  on  a  ridge  of  rocks  cropping  out  of  the  earth  or  on 
other  ground,  that  the  poster  has  located  thereon  a  mining  claim,  without  any  dis- 
covery or  knowledge  on  his  part  of  the  existence  of  metal  there,  or  in  its  immediate 
vicinity,  would  be  justly  treated  as  a  mere  speculative  proceeding,  and  would  not  of 
itself  initiate  any  right.  There  must  be  something  beyond  a  mere  guess  on  the  part 
of  the  miner  to  authorize  him  to  make  a  location  which  will  exclude  others  from  the 
ground,  such  as  the  discovery  of  the  presence  of  the  precious  minerals  in  it,  or  in 
such  proximity  to  it  as  to  justify  a  reasonable  belief  in  their  existence." 

Accordingly,  if  the  miner  has  made  a  discovery  and  otherwise  conformed 
to  the  requirements  of  the  law,  his  possession  of  the  claim  located  is 
exclusive,  against  all  the  world,  even,  in  all  probability,  against  the  owner 
of  the  land,  the  Government,  except  on  areas  which  Congress  by  special 
legislation  has  set  apart  and  defined  for  paramount  purposes,  such  as 
National  Parks.  He  has  an  interest  in  the  land  which  descends  to  his 
heirs,  which  he  can  dispose  of  by  will,  by  deed,  or  other  contract,  and  all 
that  is  required  of  him  after  location,  imtil  patent  is  secured  from  the 
Government,  is  to  keep  his  claim  alive  by  performance  of  the  annual 
assessment  work  thereon. 

In  cases  where  two  private  locators  claim  the  same  ground,  the  one 
first  making  a  discovery  of  mineral  would  probably  get  the  area,  irre- 
spective of  the  relative  time  of  beginning  work  or  of  posting  notices. 
However,  such  cases  are  extremely  rare,  considering  the  total  number  of 
claims  located  each  year.  Strictly  speaking,  a  prospector  cannot  make 
a  valid  location  before  he  has  discovered  mineral,  but  he  has  the  rights 
of  possession,  except  against  the  United  States;  and,  while  there  is  a 
conflict  in  the  decisions  on  this  point,  in  many  cases  the  rule  appears  to 
be  that  as  long  as  he  is  working  the  ground  and  is  in  possession  the  law 
will  protect  him,  and  when  a  discovery  is  made  his  location  is  good. 

In  any  attempt  to  remedy  defects  in  the  present  system  of  Federal 
mining  laws,  the  underlying  intent  and  purpose  of  existing  legislation  on 
the  subject  should  not  be  lost  from  view.  As  was  well  said  by  the  Assist- 
ant Secretary  of  the  Interior  in  Cataract  Gold  Mining  Co.  et  al.  (43  L.  D., 
248): 

"The  intent  of  the  general  mining  laws  was  to  encourage  and  promote  the  develop- 
ment of  the  mining  resources  of  the  United  States." 

Proposed  amendments  of  existing  law,  not  based  on  this  broad  policy 
but  having  in  view  the  exploitation  of  the  public  domain  in  the  interests 
of  mere  individuals  without  corresponding  benefit  to  the  people  as  a 
whole,  should  meet  the  condemnation  of  every  honest  and  right-thinking 
man.  Keeping  in  view,  therefore,  this  beneficent  purpose  of  the  present 
law,  let  us  consider  whether  the  proposed  elimination  of  the  antecedent- 
discovery  requirement  from  the  law  will  operate  to  give  greater  effect  to 
such  purpose. 

It  is  contended  that,  if  the  requirement  of  an  antecedent  discovery 
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of  mineral  within  the  lines  of  the  claim  located  were  dispensed  with,  the 
result  would  be  to  hasten  the  development  of  the  mineral  resources  of  the 
public  domain  and  so  increase  the  wealth  of  the  nation;  furthermore, 
that  the  present  discovery  requirement  is  an  unnecessary  hardship  in  a 
great  many  cases,  and  should  be  dispensed  with  in  justice  to  those  who 
are  honestly  endeavoring  to  develop  the  mineral  resources  of  the  public 
domain. 

It  is  urged  that,  if  the  antecedent-discovery  requirement  were  abol- 
ished, the  one  first  staking  out  a  piece  of  ground  would  be  protected  in 
his  possession  of  it  even  if  a  later  locator  on  the  same  groimd  were  the 
first  to  discover  mineral. 

This  raises  the  question,  to  whom  should  the  desired  reward  (viz., 
exclusive  occupation  of  the  ground)  be  given?  Shall  it  be  to  him  who  is 
diligent  in  stakiQg  out  his  claim,  or  to  him  who  is  not  merely  diligent  in 
that  respect  but,  not  content  with  this,  pursues  diligence  to  the  point  of 
discovering  the  hidden  mineral  wealth?  Which  of  the  two  is  more 
deserving  of  reward?  Which  of  the  two  is  bending  his  efforts  toward 
the  consummation  of  the  poUcy  of  the  law?  Certainly  the  one  discover- 
ing mineral  has  performied  a  very  essential  act  in  the  development  of  a 
mine. 

In  some  mining  districts  where  outcrops  are  few,  extensive  and 
expensive  development  work  is  necessary  before  valuable  mineral  is 
found.  Many  long  and  costly  exploratory  tunnels  have  been  driven  and 
shafts  sunk  to  develop  tracts  of  land  on  which  occur  no  surface  indications 
of  veins  or  mineral  but  which  were  favorably  situated  in  mineral  belts. 
Justification  for  prosecution  of  development  work  under  such  conditions 
depends  to  a  great  extent  on  a  careful  study  of  mineral  showing  on 
adjacent  lands.  The  successful  prosecution  of  such  exploratory  work  is 
dependent  on  the  raising  of  sufficient  capital  for  the  enterprise.  The 
raising  of  capital,  a  difficult  undertaking  in  connection  with  almost  any 
project  so  essentially  speculative  in  character  as  that  of  exploring  for 
precious  metals,  is  made  more  difficult  if  the  promoters  cannot  show  a 
fee-simple  title  to  the  property  to  be  developed.  Hence,  the  abolishment 
of  the  discovery  requirement  would  have  the  effect  of  overcoming  this 
one  obstacle  to  the  development  of  our  mineral  resources. 

When  valuable  orebodies  are  found  on  unpatented  claims,  there  is 
always  the  menace  of  Utigation  to  prove  the  ownership  of  the  ground. 
After  a  strike  has  been  made,  it  often  happens  that  abandoned  locations, 
which  at  one  time  covered  the  land,  are  resurrected  or  the  boundary  lines 
of  prior  adjoining  claims  are  moved  in  such  a  manner  as  to  take  in  the 
more  valuable  ground.  The  indefinite  manner  of  describing  claims  in 
location  notices,  and  the  great  number  of  old  illegible  mining  corners 
usually  scattered  over  the  landscape  in  mining  districts,  increase  the 
difficulty  of  successfully  defeating  such  contests.    The  richer  the  ore- 
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bodies  found  in  these  cases,  the  stronger  the  efforts  by  contesting  claim- 
ants to  obtain  the  ground. 

The  danger  of  contests  on  unpatented  ground  after  a  strike  has  been 
made  will  be  augmented  if  valid  locations  can  be  made  without  a  discovery 
of  mineral.  Contests  initiated  by  the  locators  of  abandoned  prior  claims 
would  be  more  likely  to  succeed  if  these  claims  had  had  a  legal  existence. 

It  may  be  well  to  say  here,  however,  that  it  must  not  be  taken  for 
granted  that  all  contests  are  not  made  in  good  faith.  Locators  of  adjoin- 
ing ground  quite  often  do  not  know  the  position  of  each  other's  lines,  and 
conflicts  occur,  therefore,  when  mineral  survey  is  made  for  one  or  both 
of  the  claims.  A  contestant  is  usually  honest  in  his  belief  in  his  ownership 
of  the  disputed  area.  Private  contests  against  the  issuance  of  patent 
for  mining  claims  are  being  continually  initiated  by  claimants  for  all  or 
part  of  the  ground. 

Sometimes  a  locator  tries  to  get  part  of  another's  prior  location  by 
getting  his  conflicting  claim  patented.  I  know  of  instances  where 
valuable  ground  which  was  being  held  under  location  has  been  patented 
by  a  subsequent  locator  before  the  owner  of  the  prior  claim  knew  what 
was  going  on. 

If  we  shut  our  eyes  to  actual  conditions  and  assumed  that  all  locators 
of  mining  claims  act  in  perfect  good  faith  in  staking  out  ground  with 
intent  to  develop  it  for  its  mineral  contents,  probably  there  would  be  no 
necessity  for  the  antecedent-discovery  requirement.  But  mining  loca- 
tions, even  now,  are  made  to  cover  a  multitude  of  frauds  against  the 
public-land  laws.  Title  to  valuable  water-power  sites,  immense  quanti- 
ties of  timber  and  valuable  town  sites  have  been  secured  under  the  mining 
laws.  How  much  greater  and  more  frequent  would  be  these  frauds  if 
even  a  perfunctory  discovery  of  mineral  were  not  required  to  validate  the 
locations.  By  far  the  greater  number  of  mining  claims  desired  for  pur- 
poses other  than  mining  have  had  no  discovery  of  mineral. 

Care  should  be  taken  that  the  interests  of  all  the  people  are  not  sacri- 
ficed in  our  consideration  of  the  welfare  of  the  prospectors.  The  dis- 
covery requirement  is  designed,  and  operates,  as  a  check  on  the*  disposal 
of  lands  of  the  people  under  the  mining  laws  for  purposes  foreign  to  the 
intent  of  the  law,  viz.,  the  speedy  and  bona  fide  development  of  the 
mineral  resources  of  the  public  domain.     ' 

If  the  validity  of  the  location  is  to  be  dependent  merely  on  taking 
possession  of  the  ground  without  the  antecedent  discovery  of  mineral, 
what  is  to  prevent  the  staking  of  claims  near  pay  ground  with  intent  to 
hold  them  for  speculation  and  hold-up  purposes,  and  not  for  bona  fide 
development  of  mineral  value,  to  a  much  greater  extent  than  at  present? 
What  is  to  prevent  irresponsible  individuals  from  staking  claims  which 
can  be  held  indefinitely  by  perfunctory  assessment  work,  thereby  tying 
up  large  areas  of  valuable  ground  for  the  purpose  of  levying  tribute  on 
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those  desiring  to  obtain  the  ground  for  mming  or  other  purposes  7  Surely, 
to  abolish  the  antecedent-discovery  requirement  is  to  open  the  door  to 
fraud  ai^d  deceit  incalculable,  and  will  tend  to  block  actual  development 
of  large  areas  for  many  years  to  come. 

The  abandonment  of  the  mineral-discovery  requirement  would  natu- 
rally facilitate  the  patenting  of  mining  claims;  but,  however  desirable 
it  may  be  in  some  cases  to  expedite  the  granting  of  patents,  I  beUeve 
easy  patenting,  on  the  whole,  will  not  benefit  the  mining  industry,  but 
will  retard  it. 

Most  mining  men  know  of  many  promising  claims  and  prospects  for 
which  patents  have  been  obtained  which  have  been,  to  all  intents  and 
purposes,  abandoned.  A  large  proportion  of  the  appUcations  for  patent 
comes  from  owners  who  are  tired  of  doing  the  annual  assessment  work 
but  still  desire  to  hold  the  ground.  Of  such  cases,  only  a  small  number  of 
claims  are  ever  worked  again. 

Nearly  10,000  mineral  surveys  for  groups  of  claims,  from  one  to  thirty 
or  more  each,  have  been  made  in  the  State  of  Montana  alone,  and  this 
number  does  not  include  placer  claims  that  have  been  taken  up  by  legal 
subdivisions.  While  patent  does  not  necessarily  follow  a  mineral  survey, 
it  does  so  in  nearly  all  cases,  and  of  the  patented  claims  only  a  small 
number  have  been  worked  since  final  certificates  were  issued.  Outside 
of  the  Butte  district,  I  will  venture  to  say  that  less  than  5  per  cent,  of 
the  patented  claims  in  Montana  are  now  being  worked,  when  metals 
are  higher  than  at  any  time  in  the  last  50  years. 

In  such  active  districts  as  Butte  and  the  Coeur  d'Alenes,  where  large 
capital  is  required  in  developing  properties,  the  patenting  of  claims,  on 
the  whole,  does  not  discourage  new  operations,  but  perhaps  helps  them. 
In  cases,  however,  where  one  dominant  company  patents  the  whole 
surrounding  territory,  independent  operators  who  would  perhaps  be 
willing  to  take  a  chance  on  developing  some  of  this  ground,  if  open, 
are  thereby  kept  out. 

The  patenting  of  the  ground  seriously  handicaps  the  chances  of 
small  camps  and  new  districts  for  becoming  important  producers. 
Numerous  cases  can  be  pointed  out  where  the  patenting  of  the  claims 
has  seriously  retarded  the  development  of  camps,  or  altogether 
stopped  it. 

The  majority  of  those  who  have  written  about  the  desirability  of 
amending  the  present  mining  laws  have  done  so  from  the  standpoint  of 
the  mining  operator  or  prospector.  None  of  the  writers  on  the  subject 
seem  to  have  taken  into  consideration  the  effect  amending  the  law  per- 
taining to  mineral  discovery  will  have  upon  the  Government's  adminis- 
tration of  the  pubUc  land.  It  must  be  borne  in  mind  that  this  land 
belongs  absolutely  to  the  people  of  the  United  States  as  a  whole,  and 
their  interest  must  be  considered.    It  is  not  a  no-man's  land,  as  some 
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people  would  appear  to  believe.  Individual  claims  on  it  are  allowed 
only  by  virtue  of  the  laws  of  Congress,  which  prescribe  the  performance 
of  certain  definite  requirements,  and  it  does  not  belong  to  the  first  comer 
solely  on  his  assertion  of  a  claim  to  any  part  of  it.  * 

Many   abuses  have  been  perpetrated   by  imscrupulous  locators  of 
land  under  the  mining  laws.  Mining  claims  have  been,  and  are  now, 
located  to  control  springs,  water-holes,  range  privileges,  power  and 
reservoir  sites,  town  sites,  rights-of-way,  summer-residence  sites,  timber 
and  agricultural  land,  natural  curiosities,  and  other  surface  values. 
While,  at  the  present  time,  land  more  valuable  for  other  purposes  than 
for  mining  cannot  be  patented  under  the  mining  laws  unless  mineral 
has  been  found  and  the  required  expenditure  made,  in  the  past,  before 
the  Government  inspected  the  ground  before  issuing  patent,  valuable 
areas  were  patented  when  the  ground  was  in  no  respect  mineral.    At  the 
present  time,  in  some  parts  of  the  country,  public  business  is  seriously 
interfered  with  by  unscrupulous  locators  of  groimd  imder  the  mining 
laws.   While   the   Government  is  now  embarrassed  by  these  hold-up 
locations  (the  mining  industry  at  large  has  no  idea  how  great  the  number 
is),  the  main  expense  is  the  examination  of  such  claims  and  the  delay 
caused  by  them.    If,  by  amending  the  present  laws,  vaUd  locations  can 
be  made  anywhere  on  Government  land  without  mineral  discovery,  no 
Government  or  other  activity  on  public  land  will  be  safe  from  extortion 
and  blackmail.    Conditions  are  bad  enough  now.    For  instance,  in  some 
localities,  as  soon  as  a  body  of  Government  timber  is  advertised  for  sale,  the 
timbered  area  and  ground  over  which  the  logs  are  to  be  moved  to  market 
is  promptly  located  as  mining  claims,  or  old  claims  are  revived,  and  heavy 
demands  made  for  the  use  of  the  surface  of  the  groimd.    If,  by  law, 
claims  of  this  sort  can  be  made  vaUd,  it  will  give  unscrupulous  individuals 
a  monopoly  of  the  surface  and  prevent  legitimate  business  over  large 
areas.    The  owner  of  a  single  valid  mining  claim  crossing  a  right-of-way 
of  a  logging  road  could  exact  a  sum,  for  the  privilege  of  crossing  his 
ground,  large  enough  to  take  all  the  profit  from  the  logging  operations. 
As  the  cost  of  operation  is  directly  related  to  what  an  operator  can  pay 
for  the  timber,  the  Government  has  a  direct  interest  in  all  such  cases. 
It  has  been  repeatedly  held  by  the  courts  that  a  vahd  location  holds 
against  the  Government,  even  if  abandoned  for  years.    I  know  of  areas 
from  which  the  Government  was  contemplating  selling  the  timber  and 
on  which  there  were  as  high  as  100  abandoned  mining  locations.    In 
such  cases,  if  these  locations  had  been  vaUd  without  a  mineral  discovery, 
the  locators  on  reasserting  their  rights  to  the  ground  as  soon  as  they  foimd 
the  timber  was  valuable  could  have  kept  the  Government  from  selling 
it.    There  is  hardly  a  stream  course  or  canyon  in  many  parts  of  the  West 
that  has  not  been  at  some  time  plastered  with  locations. 

Even  if  valid  locations  could  be  made  without  a  mineral  discovery 
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only  on  lands  classified  as  mineral^  it  would  still  affect  the  Government, 
for  there  are  bodies  of  white  pine,  which  are  advertised  for  sale  from  time 
to  time,  on  lands  in  National  Forests  which  have  been  classified  as  mineral 
but  not  covered  by  mining  locations. 

It  has  been  said  that  one  must  actually  make  a  discovery  of  mineral 
on  land  within  National  Forests  before  he  is  allowed  possession  or  allowed 
to  prospect  it.  '  Such  is  not  the  case,  however.  A  prospector  or  miner  is 
in  no  way  disturbed  by  Government  agents  in  the  enjoyment  of  his  rights 
within  National  Forests.  No  examination  is  made  of  any  ground  located 
for  mining  purposes  unless  it  interfere  with  the  administration  of  the 
Forest.  A  claim  may  interfere  with  the  administration  of  the  Forest 
when  it  conflicts  with  areas  occupied  by  individuals  under  what  are  known 
as  Special  Use  Permits;  when  it  is  included  within  a  tract  from  which  the 
Government  has  sold  the  timber;  or  where  the  claim  is  so  located  as  to 
control  rights  of  way  over  which  it  is  necessary  to  transport  Forest  prod- 
ucts. Unless  the  claims  are  actually  interfering  with  the  administration 
of  the  Forests,  no  examinations  are  undertaken  until  applications  for 
patent  are  made.  The  proportion  of  mining  claims  examined  prior  to 
application  for  patent  is  very  small,  probably  less  than  1  per  cent,  of  the 
total  number  located.  There  are  thousands  of  mineral  locations  within 
the  National  Forests  of  which  no  examination  has  been  made  by  the 
Forest  Service,  and  in  all  probability  never  will  be  except  in  cases  where 
application  for  patent  is  made. 

Mining  locations  within  the  National  Forests  which,  after  an  examina- 
tion by  a  competent  man,  are  shown  to  be  clearly  invalid,  may  be  disre- 
garded as  far  as  the  surface  is  concerned,  but  no  action  is  taken  to  dis- 
possess the  locator  of  the  ground  and  no  objection  whatever  is  made  to 
his  development  of  the  mineral  possibilities.  In  fact,  the  Assistant 
Secretary  of  the  Interior  has  decided  (Nichols-Smith  case,  unreported) 
that  the  Department  has  no  jurisdiction  over  locations  and  has  authority 
to  cancel  a  claim  only  after  an  application  for  patent  has  been  made. 
This  decision,  however,  is  now  before  the  Secretary  for  consideration  on 
motion  for  the  exercise  by  him  of  his  supervisory  authority. 

The  fact  that  the  Government  has  placed  a  large  part  of  its  domain 
within  the  National  Forests  shows  that  this  land  is  valuable  to  the 
Government  for  the  benefit  of  the  people  at  large.  This  fact  alone  is  an 
argument  from  the  people's  standpoint  that  the  requirements  for  patent- 
ing Government  land  by  individuals,  at  least  within  the  Forests,  should 
not  be  made  easier. 

I  believe  that,  while  sometimes  the  law  requiring  a  discovery  before  a 
valid  location  can  be  made  has  worked  hardships  on  prospectors,  the 
wrong  that  could  be  worked  under  a  law  not  requiring  a  discovery  would 
be  far  greater. 

Under  the  general  mining  laws,  lands  are  not  required  to  be  chiefly 
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valuable  for  mineral  before  they  can  be  entered.  The  Supreme  Court 
of  the  United  States  has  held  in  U.  S.  vs.  Iron  Silver  Mining  Co.  (128 
U.  S.  673)  that  the  fact  that  land  may  incidentally  possess  advantages 
other  than  its  valuable  mineral  deposits  will  not  preclude  its  disposition 
under  the  mining  laws. 

An  act  of  Congress  of  Aug.  4,  1892  (24  Stat.,  348)  provided: 

"That  any  person  authorized  to  enter  lands  under  the  mining  laws  of  the  United 
States  may  enter  lands  that  are  chiefly  valuable  for  building  stone  under  the  provi- 
sions of  the  law  in  relation  to  placer  mineral  claims.'' 

The  point  of  difference  between  this  act  and  the  general  mining  law  appli- 
cable to  mineral  deposits  is  that  the  Act  of  1892  requires  the  land  to  be 
chiefly  valuable  for  building  stone. 

Power  or  reservoir  sites  situated  on  land  containing  no  evidence  of 
mineral  deposits  have  been  entered  as  stone  placers,  but  the  appUcations 
for  patent  have  been  rejected  by  the  General  Land  Office.  If  valid 
mineral  locations  could  be  made  on  such  lands  without  a  mineral  dis- 
covery, the  land  could  be  patented  as  mining  claims. 

If  patent  were  allowed  for  Government  ground  as  mining  claims  with- 
out a  mineral  discovery  there  would  be  very  few,  if  any,  power  project* 
free  for  development  at  the  present  time,  for  the  ground  would  be  validly 
held  or  patented  as  mining  claims.  Most  of  the  undeveloped  available 
power  sites  on  public  lands  have  been  included  in  power  withdrawals  or 
National  Forests.  The  ground  is,  therefore,  not  subject  to  entry  except 
as  mineral  locations,  and  the  only  way  to  get  a  patent  to  such  ground  is 
under  the  mining  laws.  Nearly  all  power  projects  in  the  Northwest, 
where  there  is  any  possibility  of  early  development,  are  on  ground  covered 
by  mining  locations.  In  some  cases  the  mining  claims  are  valid  under 
the  present  law,  but  the  majority  have  no  mineral  discovery.  If  the  law 
were  changed  concerning  mineral  discoveries,  there  would  be  little  new 
development  of  hydro-electric  power  without  paying  tribute  to  the  kind 
of  prospectors  who  had  the  foresight  to  locate  mining  claims  covering  the 
ground.  Also  Federal  control,  due  to  an  interest  in  the  site,  could  be 
circumvented  by  first  obtaining  patent  as  mining  claims  to  all  the  land 
affected.  In  the  Northwest  there  is  a  power  project  capable  of  develop- 
ing 20,500  hp.  One-half  of  the  land  affected  by  the  project  is  within  a 
National  Forest,  and  therefore  the  Government  under  the  present  pro- 
cedure exercises  control  over  the  development  of  the  site.  The  power 
would  be  developed  under  a  Special  Use  Permit  issued  by  the  Govern- 
ment, which  requires  certain  conditions  to  be  complied  with.  All  of 
the  public  land  has  been  located  as  placer  mining  claims,  and  if  the  claims 
were  valid  the  Government  under  the  present  law  would  have  no  control 
whatever  over  the  development  of  the  power.  In  1913,  a  permit  was 
issued  to  a  company  to  develop  the  power,  but  for  some  reason  it  was  not 
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able  to  go  ahead  with  the  project.  This  company,  however,  acquired 
the  mining  locations,  and  if  the  claims  could  be  patented  the  owners 
could  prevent  anyone  else  from  developing  the  power  site.  Flour  gold 
is  found  in  gravel  on  all  of  these  claims,  but  nowhere  in  paying  quantities. 

Another  project  with  which  I  am  familiar  is  capable  of  developing 
331,000  hp.  by  using  storage,  or  178,000  hp.  by  utilizing  only  the  minimum 
flow  of  the  river.  The  lower  12  miles  of  this  project,  which  is  capable 
of  developing  260,000  hp.  by  storage,  or  140,000  hp.  without,  is  entirely 
covered  by  mining  locations.  The  area  is  within  a  mining  district  and 
would  probably  be  classified  as  mineral,  but  only  a  few  of  the  locations 
have  mineral  discoveries.  One  side  of  the  river  is  within  a  power  with- 
drawal,' and  the  other  within  a  National  Forest.  In  this  case,  as  in  the 
other,  a  permit  was  granted  to  develop  the  project,  but  it  has  not  been 
done.  The  permittee  has  acquired  the  mining  claims  and  he  controls 
the  site  in  so  far  as  his  mining  claims  are  vaUd.  If  all  these  mining 
claims  were  valid  without  mineral  discoveries,  they  could  be  patented  and 
the  Government  would  lose  control  of  the  project. 

On  March  1,  1906,  Windfield  Doern  and  two  others  located  the 
Eagle  placer  mining  claims,  alleged  to  be  chiefly  valuable  for  building 
stone,  on  the  Stanislaus  National  Forest  in  CaUfomia  (41  L.D.  655-669). 
On  Oct.  25,  1907,  the  claim  was  conveyed  to  the  Stanislaus  Electric 
Power  Co.,  who  filed  application  for  patent  on  April  5,  1908.  The  entry 
was  contested  by  the  Government.  Stone  was  used  from  the  claim  in 
the  construction  of  a  dam  on  the  claim,  from  which  water  was  conveyed 
to  a  plant  15  miles  below,  where  power  was  generated.  It  was  proposed 
to  build  a  second  plant  on  the  claim  and  bring  water  in  a  conduit  from 
above.  The  patent  was  denied  by  the  General  Land  Office,  as  it  was 
shown  at  a  hearing  that  the  stone  had  no  value  outside  of  the  construc- 
tion of  the  dam,  and  for  that  purpose  had  no  special  value.  The  land, 
however,  had  value  as  a  power  site. 

On  Jan.  2,  1907,  H.  V.  Gates  made  application  for  patent  under  Act 
of  Aug.  4,  1892,  for  the  Excelsior  placer,  area  140  acres,  in  northern 
Calif omia.  The  patent  was  protested  by  the  Northern  California  Power 
Co.  At  a  hearing,  it  was  disclosed  that  the  ground  contained  a  deposit 
of  basalt  that  had  only  a  local  use  for  building  stone,  such  as  the  con- 
struction of  a  power  dam,  and  was  not  as  suitable  for  that  purpose  as 
other  common  rock.  The  claim  covered  a  reservoir  and  tunnel  site,  and 
the  claimant  had  a  permit  from  the  Forest  Service  to  use  a  part  of  the 
claim  for  power  purposes.  The  General  Land  Office  held  that  the  claim 
was  more  valuable  for  power  than  for  building  stone,  and  the  entry  was 
canceled. 

On  a  river  in  a  western  State  is  situated  a  power  site  capable  of  develop- 
ing 2,490  hp.  The  dam  site  is  covered  by  an  unpatented  lode  claim,  and 
above  the  falls  are  situated  four  patented  lode  claims  along  the  river  in 
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a  row.  Each  of  the  four  patented  claims  contains  a  valid  mineral  dis- 
covery, but  no  ore.  Before  proceeding  to  patent,  the  claimants  received 
$5,000  from  a  power  company  for  the  privilege  of  flooding  their  ground. 

Perhaps  more  fradulent  mining  locations  have  been  made  to  acquire 
valuable  timber  than  for  any  other  piupose  on  non-mineral  land.  If  the 
mineral-discovery  requirement  is  repealed,  large  timber  steals  which 
have  been  prevented  in  the  past  will  be  successful.  Many  applications 
for  timbered  mining  claims  have  been  canceled  after  the  Gk>vernment 
has  shown  that  no  mineral  discoveries  have  been  made.  It  would  not 
be  possible  to  defeat  such  cases  if  the  proposed  change  of  the  law  is  made. 

Timber  on  patented  mining  claims  can  be  disposed  of  by  the  owner 
as  he  sees  fit.  Timber  on  valid  unpatented  mining  claims  on  'proven 
mineral  land  outside  of  National  Forests  can  be  cut  for  certain  described 
purposes  as  approved  by  Congress  by  Act  of  June  3,  1878  (20  Stat.,  88). 
Timber,  however,  on  an  unpatented  mining  claim  within  the  National 
Forests  cannot  be  cut  for  any  purpose  other  than  the  development  of 
the  claim,  except  by  Special  Use  Permit  or  purchase  from  the  Government. 

It  has  been  a  common  practice  in  some  localities  to  locate  mining 
claims  on  non-mineral  timbered  areas  to  give  color  of  title  to  the  ground 
while  cutting  the  timber.  Numerous  suits  have  been  instituted  by  the 
Government  to  recover  the  value  of  timber  cut  from  such  invalid  claims. 

In  the  case  of  Anderson  vs.  United  States  (152  Fed.,  89  to  91),  Ander- 
son, Baker  and  Sandlin  located  as  placer  claims  1,200  acres  of  non- 
mineral  Government  land  in  the  Boise  land  district,  Idaho,  from  which 
was  cut  timber  worth  $17,751.79.  Suit  was  brought  by  the  Government 
to  recover  the  value  of  the  timber,  and  it  was  successful. 

In  the  case  of  Powers  vs.  United  States  (119  Fed.,  662),  the  Govern- 
ment brought  suit  to  recover  the  value  of  668,000  ft.  b.  m.  of  timber, 
worth  $7,241,  which  was  cut  from  non-mineral  Government  ground.  The 
ground  was  covered  by  mining  locations  made  by  a  third  party. 

About  10  years  ago,  a  company  applied  for  patent  for  3,636.99  acres 
of  Government  land  as  placer  claims.  The  magnitude  of  the  case  caused 
examination  to  be  made  by  the  General  Land  Office,  and  it  was  found  that 
on  one  claim  there  was  a  small  worked-out  placer  deposit  of  gold.  There 
was  no  possibility  of  gold  occurring  in  paying  quantities  on  the  rest  of 
the  group,  although  fine  colors  could  be  found  almost  anywhere  in  the 
country.  This  land  contained  an  average  stand  of  15,000  ft.  b.  m.  of 
white  pine  and  other  varieties  to  the  acre,  or  about  a  total  of  60,000,000 
ft.  b.  m.  on  the  group.  The  claims  were  continuous,  but  excluded  and 
almost  surrounded  a  small  area  from  which  the  timber  had  been  burned. 
The  entry  was  protested  by  the  Government  and  at  a  hearing  held  to 
determine  the  validity  of  the  group,  the  claimants  defaulted,  thereby 
admitting  the  truth  of  the  charges.  1  The  entry  was  finally  canceled  on 
Jan.  28,  1910.     At  this  time,  unpatented  fraudulent  placer  claims  were 
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being  held  in  this  district  which  contained  a  stand  of  between  200  and 
300  million  feet  of  timber.  Dming  the  smnmer  of  1910,  forest  fires  that 
destroyed  the  timber  swept  over  this  country,  after  which  all  of  the  timber- 
mining  locations  were  abandoned. 

In  1913,  application  was  made  for  two  groups  of  claims  in  Idaho. 
No  mineral  had  been  found  on  four  of  the  claims  of  the  group  which 
contained  a  heavy  stand  of  white  pine  worth  $3,800.  After  a  hearing, 
the  entry  was  held  for  cancellation  by  the  Commissioner  of  the  General 
Land  Office. 

In  1912,  application  was  made  for  two  claims  in  the  Coeur  d'Alene 
district,  Idaho.  This  entry  was  also  held  for  cancellation  by  the  Com- 
missioner of  the  General  Land  Office,  after  a  hearing.  These  claims 
were  completely  surrounded  by  patented  placer  claims,  but  were  situ- 
ated on  a  small  mountain.  The  ground  was  covered  by  a  stand  of 
white  pine  having  a  stumpage  value  of  $3,478.  .  One  of  the  claimants 
was  interested  in  a  saw  mill  situated  near  the  claims. 

Along  ih  1906,  a  mining  company  Gong  since  defunct)  did  consider- 
able development  work  on  lode  locations  in  western  Montana,  and 
located  a  large  number  of  claims.  The  company  failed  to  find  any  ore, 
and  went  out  of  existence.  The  first  year  after  the  company  abandoned 
the  ground,  it  was  located  by  a  man  who  did  no  more  work  on  it.  He 
relocated  some  of  the  claims  for  several  years,  but  when  no  one  else  showed 
any  desire  to  obtain  the  ground,  he  also  abandoned  it.  In  1914,  a  lumber 
company  secured  timber  on  the  river  above  these  claims.  After  the 
lumber  company  cleared  its  right-of-way,  the  mineral  locator  came  along, 
saw  the  situation  and  immediately  reasserted  his  right  to  some  of  the 
ground  that,  controlled  the  right-of-way.  He  demanded  an  excessive 
sum  for  the  privilege  of  crossing  his  ground.  His  demands  were  re- 
fused and  logging  operations  shut  down  for  about  a  year.  An  examina- 
tion of  the  mining  claims  was  made  by  a  mining  engineer  and  it  W8.s 
found  that  the  claims  were  invalid  because  no  mineral  had  been  dis- 
covered upon  them.  After  a  year's  delay,  the  company  constructed 
the  logging  road  and  commenced  operations  without  any  further  trouble 
and  without  paying  tribute  to  the  locator.  If  these  locations  were  valid 
without  mineral  discoveries,  the  logging  operations  could  have  been  held 
up  indefinitely  unless  the  excessive  demands  of  the  locator  were  met. 
The  claims  are  in  a  general  mineral  belt. 

If  valid  locations  of  lode  claims  can  be  made  in  the  future  without  a 
mineral  discovery,  many  town  sites  are  going  to  be  held  as  mining  claims. 
The  following  case  is  now  before  the  Land  Department  for  settlement. 
In  1909,  a  lode  claim  was  located  in  such  a  manner  as  to  take  in  all  of 
the  level  portion  of  the  canyon  at  the  division  point  of  a  new  railroad 
in  Idaho.  On  June  27,  1913,  application  for  patent  was  made.  The 
section  in  which  the  claim  is  situated  has  been  classified  by  the  United 
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States  Geological  Survey  as  non-mineral,  and  the  land  is  in  the  Northern 
Pacific  grant.  The  railroad  has  a  station  and  some  dwelling  houses  on 
the  ground  and  part  of  the  claim  is  also  claimed  by  the  heirs  of  a  home- 
steader. If  the  mineral  locator  can  prove  a  valid  discovery  on  the  claim, 
he  is  entitled  to  the  ground.  The  railroad  began  operating  about  the 
time  the  claim  was  located.  Practically  a  whole  town,  with  a  popula- 
tion of  several  hundred,  is  on  the  mining  claim,  and  there  is  no  doubt 
that  the  ground  is  more  valuable  for  town-site  purposes  than  for  any- 
thing else.  A  large  diabase  dike,  in  which  can  be  found  traces  of  copper, 
runs  through  the  claim,  but  there  is  no  indication  that  paying  ore  will 
ever  be  found  upon  it.  Sufficient  development  work  has  been  performed. 
If  no  discovery  of  mineral  is  going  to  be  required,  many  similar  cases  may 
be  expected  in  the  future. 

The  repeal  of  the  mineral-discovery  requirement  would  open  the 
doors  for  blackmail  of  all  irrigation  companies  situated  like  the  one  in 
the  following  case,  even  when  there  is  not  a  trace  of  mineral  on  the 
land.  In  1910,  an  application  for  patent  was  made  for  a  placer  situated 
in  a  small  park  in  western  Montana.  Previous  to  the  mineral  applica- 
tion, an  application  was  made  to  the  Secretary  of  the  Interior  for  the  use 
of  the  park  for  a  storage-reservoir  site,  for  which  purpose  the  ground  is 
well  adapted.  It  was  proposed  to  impound  water  during  the  winter 
months  and  high-water  periods,  to  be  used  for  reclaiming  about  3,000 
acres  of  arid  land.  The  reservoir  permit  was  approved  by  the  Secretary, 
but  construction  has  not  been  begun  on  account  of  the  placer  cbdm. 
The  Commissioner  of  the  General  Land  Office  decided  that  sufficient 
mineral  to  constitute  a  discovery  had  not  been  made  upon  the  claim  and 
it  is  now  before  the  Secretary  of  the  Interior  on  appeal.  ^  The  park  is 
an  old  lake  bottom  and  contains  sand,  clay  and  gravel  to  an  undetermined 
depth.  This  material  all  contains  minute  quantities  of  gold,  but  in  no 
place,  as  far  as  developed,  in  paying  quantities.  No  serious  effort  has 
been  made  to  mine  the  gravel,  and  for  the  last  20  years  the  ground  has 
been  used  by  the  claimant  as  a  ranch.  If  it  is  finally  decided  that  the 
claim  contains  sufficient  mineral  for  a  discovery,  the  mineral  claimant 
will  be  legally  entitled  to  the  land,  and,  before  the  irrigation  system  can 
be  commenced,  the  land  will  either  have  to  be  obtained  from  him  by 
purchase  or  by  condemnation  proceedings. 

Throughout  the  country,  attempts  have  been  made  to  obtain  posses- 
sion of  numerous  springs,  mineral  or  otherwise,  by  taking  up  the  ground 
as  mining  claims.  On  Aug.  26,  1886,  -the  Margaret  Mining  Co.  made 
application  for  the  Gray  Eagle  Lode  mining  claim  (11  L.  D.,  p.  563)  in 
King  County,  Washington.  This  claim  embraced  some  springs  known  as 
the  Hot  Springs  of  Green  River  which  were  supposed  to  have  great 
medicinal  value.  The  entry  was  canceled  by  the  Land  Office  because  it 
was  shown  at  a  hearing  that  the  land  had  no  value  for  mineral  but  was 
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used  for  a  health  resort,  and  that  the  mining  company  was  formed  to 
acquire  title  to  the  Hot  Springs. 

By  the  Act  of  Jan.  31,  1901  (31  Stat.,  745)  Congress  provided  that 
"all  imoccupied  public  lands  of  the  United  States  containing  salt  springs 
or  deposits  of  salt  in  any  form  and  chiefly  valuable  therefor  are  hereby 
declared  to  be  subject  to  location  and  purchase  under  the  provisions  of  the 
law  relating  to  placer  mining  claims."  Under  this  Act  many  mineral 
springs  having  no  value  whatever  for  salt,  but  having  supposedly  medici- 
nal properties,  have  been  located  as  placer  claims. 

■  On  March  20,  1905,  Henry  Lovely  made  application  for  patent  for 
the  Lovely  placer  claim  in  the  Juneau  land  district  in  Alaska.  It  was 
shown  at  a  hearing  that  the  ground  was  used  as  a  health  resort  and  water 
froDOL  two  springs  was  conducted  to  bath  houses,  the  cost  of  this  being 
applied  as  mining  improvements.  It  was  also  shown  that  the  ground 
was  not  mineral  or  saline  in  character.  The  claim  was  canceled  Feb.  13, 
1907,  by  the  General  Land  Office  (25  L.  D.,  426). 

By  decision  of  April  14,  1913,  the  Secretary  of  the  Interior  held  that 
the  Salt  Creek  placer  claims  were  invaUd  (21  L.  D.,  745).  These  claims 
were  located  in  February,  1911,  under  the  Act  of  Jan.  31,  1901,  so  as  to 
cover  a  group  of  hot  springs  whose  waters  carried  in  solution  common 
salt,  Epsom  salts  and  Glaubers  salts  and  other  chemical  substances.  As 
compared  to  sea  water,  the  waters  of  these  springs  were  shown  to  contain 
about  one-eighth  as  much  common  salt.  It  was  held  by  the  Secretary 
of  the  Interior,  from  facts  determined  at  a  hearing,  that  the  ground  had 
no  value  for  the  manufacture  of  common  salt,  but  possessed  distinct 
curative  properties. 

In  central  Montana  is  situated  a  mineral  spring  known  as  the  Appol- 
lonaris.  The  ground  at  the  small  side  gulch  on  which  the  spring  is  situ- 
ated was  located  as  a  stone  placer  and  the  adjoining  ground  on  the  main 
creek  as  gold  placers.  No  discovery  of  gold  had  been  made  on  the  gold 
placers,  and  the  limestone  on  the  stone  placer  was  not  valuable  on  account 
of  its  poor  quality  and  the  distance  from  any  market  or  railroad.  This 
spring  has  a  local  reputation  for  medicinal  properties  and  Special  Use 
Permits  for  erecting  bottling  works  and  hotel  buildings  on  the  area  was 
desired  by  several  people.  The  development  of  the  spring  was  held  up 
for  5  years,  but  finally  the  men  holding  the  mining  claims  decided  that 
they  could  not  patent  the  ground  and  abandoned  it.  The  spring  is  now 
being  developed. 

The  abrogation  of  the  mineral-discovery  requirement  would  greatly 
facilitate  such  fraudulent  attempts  to  obtain  ground  desired  for  purposes 
other  than  mining. 

At  numerous  points  desirable  for  summer  residences  on  the  shore  of 
Lake  Pend  Oreille,  mining  locations  have  been  posted,  and  in  many  cases 
there  has  been  a  pretense  of  doing  the  annual  assessment  work.    In  a 
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few  cases,  application  for  patent  has  been  made.  On  some  of  these  claims 
sufficient  mineral  has  been  found  to  constitute  a  mineral  discovery,  but 
in  the  majority  of  cases  no  mineral  has  been  found. 

The  Frances  Placer,  consisting  of  20  acres  on  a  bar  on  the  Clearwater 
River  in  central  Idaho,  was  applied  for  under  the  mining  laws.  The  daim- 
ant  had  farmed  the  land  for  at  least  10  years  previous  to  making  appli- 
cation. The  mineral  entry  was  contested  and  canceled  in  1912,  and  the 
land  was  later  taken  as  a  homestead. 

Mining  claims  have  been  patented,  and  others  are  being  held  as  loca- 
tions, on  favorably  located  scenic  points  along  the  rim  of  the  Grand 
Canyon  of  the  Colorado.  Two  lode  claims  also  have  been  patented  which 
cross  the  Bright  Angel  Trail.  Tourists  who  have  gone  down  this  trail 
and  paid  their  dollar  each  to  the  owner  of  the  lode  claims  can  realize  his 
farsightedness  in  finding  his  mine  just  in  this  particular  location.  It  is 
of  interest  to  note  that  no  mineral  conunercially  valuable  has  been  found 
on  any  of  these  claims. 

On  the  public  domain  there  are  numerous  conflicts  of  mineral  claims 
with  homesteads.  In  all  contests,  the  burden  of  proof  is  on  the  home- 
steader, as  he  has  to  prove  the  land  non-mineral  in  character.  If  valid 
locations  can  be  made  without  the  necessity  of  a  mineral  discovery,  the 
homesteader's  lot  in  mountain  valleys  is  going  to  be  still  harder  to  bear, 
and  the  good  Lord  knoweth  it  is  bad  enough  now. 

If  the  mineral-discovery  requirements  for  the  location  of  mining 
claims  is  abrogated,  no  form  of  activity  can  be  safely  undertaken  on 
unpatented  land,  and  it  is  difficult  to  anticipate  the  many  abuses  that 
can  be  perpetrated. 

The  imcertainty  of  ultimate  possession  of  unpatented  land  in  mineral 
belts  could  be  remedied,  I  beUeve,  by  making  provision  by  law  for  clearing 
title  to  the  ground  against  all  except  the  United  States  at  any  time,  as  is 
now  done  at  the  time  of  application  for  patent.  If,  after  development, 
mineral  is  found,  the  ground  could  then  be  patented. 

Perhaps  the  method  now  used  in  connection  with  homesteads  on  the 
pubUc  domain  could  be  adapted  to  the  making  of  mineral  entries.  Id 
the  case  of  homesteads  on  surveyed  land,  an  applicant,  at  the  time  of 
going  on  the  land,  makes  a  filing  in  the  U.  S.  Land  Office,  corresponding 
to  the  posting  of  a  location  notice  on  a  mining  claim,  and,  if  no  adverse 
claims  are  proven  and  the  land  is  non-mineral,  his  entry  is  allowed.  This 
excludes  all  other  private  claims  to  the  ground,  and,  after  he  has  comphed 
with  certain  prescribed  regulations,  patent  is  issued  to  the  homesteader. 

If  all  men  were  honest,  or  this  coimtry  were  a  Utopia,  it  would  be 
perfectly  feasible  to  repeal  the  law  requiring  the  discovery  of  mineral, 
but,  unfortunately,  such  is  not  the  case.  Under  the  present  law  some 
operators  may  have  been  unjustly  obliged  to  defend  their  rights,  but  it 
has  been  found  that  laws  made  to  restrain  the  unjust  usually  cause  suffer- 
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ing  to  some  of  the  just.  The  repeal  of  this  law  would  afford  relief  to 
some  who  are  acting  in  good  faith,  but  at  the  same  time  it  would  let  down 
the  bars,  allowing  an  unlimited  amount  of  fraud,  and  fostering  blackmail. 
That  the  wrong  appUcation,  if  possible,  would  be  made  of  any  new  mining 
laws,  should  be  expected  from  the  many  frauds  that  have  been  perpetrated 
under  the  present  laws.  By  far  the  greater  number  of  the  mining  claims 
that  have  been  desired  for  purposes  other  than  mining  have  had  no  dis- 
coveries of  mineral.  I  believe  that  by  suitable  laws  it  is  quite  possible 
to  ameliorate  the  one  condition  without  aggravating  the  other. 
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Arisona  meetinfc,  September,  1916,  when  an  abetraet  of  the  paper  will  be  read.  If  this  u  impoadble 
then  diaeuMion  m  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
30th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Onleos  special  arrangement  is  made,  the  discussion  of  tliis  paper  will  dose  Nov.  1, 1016.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  ot  a  new  paper. 


The  Possibility  of  Deep  Sand  Oil  and  Gas  in  the  Appalachian  Geo- 

Syncline  of  West  Virginia 

BT  DAVID  B.    REOER,*   A.  B.,  B.   8.,    C.    E.,    MORGANTOWN,   W.   VA. 

(Arisona  Meeting,  September,  1016) 

Introduction 

The  exhaustion  of  oil  and  gas  in  the  United  States  is  proceeding  at  a 
rapid  pace.  This  is  especially  true  in  fields  where  the  light  oils  that  fur- 
nish the  most  fuel  for  internal-combustion  engines  are  found,  leading  to  a 
late  estimate  by  Arnold  that  the  petroleum  resources  are  36  per  cent, 
exhausted.^  The  further  remark  by  Dr.  David  T.  Day  at  the  New  York 
meeting  of  the  Institute,  in  February,  1916,  that  the  operators  of  the 
country  are  now  scarcely  able  to  supply  the  ever-increasing  demand  for 
gasoline,  leads  the  writer  to  believe  that  a  determined  efifort  will  soon  be 
made  to  secure  deeper  producing  horizons  in  those  regions  that  now 
furnish  high-grade  oil,  and  in  which  pump  stations  and  pipe  lines  offer 
convenient  means  for  the  economical  handUng  of  new  production.  A 
study  of  Arnold's  table  shows  further  that  the  States  that  produce  paraffin 
oil  exclusively  are  45  per  cent,  exhausted,  this  figure  being  much  higher 
than  the  average  of  paraffin  and  asphalt  States  altogether.  The  most 
extensive  of  all  the  paraffin-oil-producing  areas  is  the  Appalachian  Field, 
extending  with  the  Appalachian  Geo-Syncline  from  western  New  York 
south  westward  through  western  Pennsylvania,  western  West  Virginia, 
Ohio,  Kentucky,  and  Tennessee,  where  oil  of  high  gravity  is  always 
secured.  Of  these  States,  Pennsylvania  and  West  Virginia  rank  highest 
in  the  quaUty  of  their  product.  In  West  Virginia,  the  oil  sands  dip  to 
a  lower  level  than  in  any  other  locality  in  the  Appalachian  Geo-SyncUne, 
the  Pittsburgh  Coal  of  the  Pennsylvanian  being  only  50  ft.  above  sea 
level  along  the  Nineveh  SyncUne  at  Wileyville,  Wetzel  County.*  The 
very  significant  fact  that  the  sands  of  the  Mississippian  and  Upper 
Devonian  Measures  furnished  the  richest  oil  pools  of  the  State  along  this 

♦  Assistant  Geologist,  West  Virginia  Geological  Survey. 

*  Ralph  Arnold:  Petroleum  Resources  of  the  United  States,  Economic  Geology j 
vol.  10,  p.  710  (December,  1915). 

•Ray  V.  Hennen:  Marshall- Wetzel-Tyler  Report,  West  Virginia  Geological 
Survey,  p.  66.     1909. 
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deep  basin,  most  of  them  being  non-water-bearing,  should  give  pertinency 
to  such  information  as  may  be  obtained  regarding  deeper  sands  in  this 
region,  in  which  there  may  be  a  possible  duplication  of  conditions  in  the 
more  shallow  sands. 

Authority  for  Data 

Information  has  been  secured  primarily  from  the  published  reporta 
of  the  Geological  Surveys  of  West  Virginia,  Ohio,  Pennsylvania,  and 
Kentucky,  supplemented  by  various  special  reports  and  maps  of  the 
United  States  Geological  Survey.  The  southwestward  extension  of  the 
Chestnut  Ridge  (Warfield,  Campton)  Anticline  through  Kentucky  has 
been  made  on  the  authority  of  a  recent  publication  by  James  H.  Gardner.* 
Several  important  well  records  used  have  never  been  previously  published, 
having  been  lately  secured  by  the  West  Virginia  Geological  Survey. .  Due 
credit  has  been  given  in  the  table  of  well  records  to  the  operators  who 
furnished  the  various  logs,  in  all  cases  where  this  information  is  available. 
Special  acknowledgment  is  made  to  Dr.  I.  C.  White,  State  Geologist  of 
West  Virginia,  for  many  valuable  suggestions  from  his  extensive  knowl- 
edge of  the  region  under  discussion. 

Description  of  the  Appalachian  Geo-Syndine 

The  Appalachian  Geo-Syncline,  lying  west  of  the  Appalachian  Moun- 
tain System,  and  being  roughly  parallel  to  it,  extends  in  a  south-south- 
westward  direction  from  New  York  State  through  Pennsylvania,  West 
Virginia,  Kentucky,  Tennessee,  and  Alabama.  As  partially  shown  on 
Plate  1  (in  those  regions  where  detailed  structure  maps  are  available)  it 
has  a  course  almost  straight  through  Pennsylvania  from  Brookville,  via 
Kittanning,  Pittsburgh,  and  Washington,  to  the  southwestern  comer  of 
the  State  where  it  enters  West  Virginia  and  extends  southwestward  across 
Wetzel,  Tyler,  and  into  Ritchie,  where  the  Burning  Springs  Anticline 
cuts  diagonally  across  it  shifting  the  line  of  its  axis  nearly  20  miles  farther 
west,  to  a  point  near  Parkersburg.  From  this  point  its  course  is  roughly 
southwest  through  Wood,  Jackson,  Mason,  Cabell,  and  Wayne  Counties, 
to  the  Kentucky  State  line  7  miles  south  of  Catlettsburg.  Its  course 
through  Kentucky  is  apparently  interrupted  by  the  Chestnut  Ridge 
(Campton)  Anticline  which  cuts  across  it,  separating  it  from  its  southern 
extension. 

Geology  of  the  Appalachian  Basin 

The  surface  geology  along  the  axis  of  the  Appalachian  Basin  is  prin- 
cipally that  of  the  Coal  Measures,  but  at  the  eastern  rim  these  rocks  rise 

'James  H.  Gardner:  A  Stratigraphic  Disturbance  through  the  Ohio  Valley, 
Running  from  the  Appalachian  Plateau  in  Pennsylvania  to  the  Ozark  Mountains  in 
Missouri.  Bulletin  of  the  Geological  Society  of  America,  vol.  26,  pp.  477-483  (December 
4,  1916). 


rapidly  toward  the  Allegheny  and  other  mountain  ranges  of  the  Appa- 
lachian System  until  they  disappear  above  the  tops  and  the  rocks  of  the 


Devonian,  Silurian  and  lower  formations  come  to  the  surface,  the  pitch 
in  this  region  being  abrupt  and  irregular.  On  the  western  side  of  the 
axis  the  measures  rise  gradually  toward  the  Cincinnati  Anticline,  showing 
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none  of  the  spectacular  structural  disturbances  visible  on  the  east. 
Northeastward  from  West  Virginia,  through  Pennsylvania,  the  strata 
rise  gradually  along  the  axis  of  the  basin,  but  the  Fennsylvanian  still  forms 
the  surface  rocks  at  the  New  York  State  line,  near  Olean.  Southwest- 
ward  from  West  Virginia  through  Kentucky,  the  rocks  rise  along  the  axis, 
but  very  gradually,  so  that  the  Fennsylvanian  still  makes  the  surface 
deposits  at  the  Tennessee  line. 

Plate  2  shows  a  columnar  section  made  for  the  locality  of  Marion, 
Harrison,  Wetzel,  and  western  Monongahela  Coimties,  West  Virginia, 
where  the  rocks  of  the  Appalachian  Basin  dip  to  their  lowest  level,  and 
where  the  oil  reservoirs  of  the  State  are  the  most  prolific.  In  this  region 
the  surface  rocks  are  principally  the  transitional  Permo-Carboniferous 
type  represented  by  the  Dunkard  Series.  Throughout  this  region, 
numerous  drillings  are  available  that  extend  to  the  base  of  the  Catskill 
Series,  leaving  no  uncertainty  as  to  the  character  of  the  sediments  down 
to  this  level.  Below  the  Catskill,  the  section  is  based  on  the  deep  wells 
drilled  in  Pennsylvania  (Nos.  41  and  42  on  Plate  1)  and  on  numerous 
drillings  in  Morgan,  Muskingum,  and  other  Coimties  in  Ohio  where  the 
Devonian  shales  have  less  thickness  than  in  southern  Pennsylvania, 
and  on  the  fairly  well-known  thickness  and  character  of  these  Devonian 
and  Ordovician  beds  in  the  Alleghany  Mountain  region  of  West  Virginia, 
farther  east  where  these  measures  outcrop.  This  surrounding  informa- 
tion makes  the  portion  of  the  section  below  the  Catskill  more  than  hypo- 
thetical, the  probability  l^eing  that  the  intervals  shown  are  fairly  good 
while  some  of  the  individual  formations  may  be  locally  absent. 

Dunkard  Series, — The  Dimkard  Series,  composed  of  1,150  ft.  of  sandy, 
red,  and  variegated  shales,  gray  sandstone,  with  a  few  thin  coab  and 
limestones,  is  barren  of  oil  and  gas  in  this  region  and  the  lower  300  to 
400  ft.  of  the  series  found  below  the  main  drainage  channels  must  be 
drilled  through  without  result. 

Monongahela  Series, — The  Monongahela  Series,  composed  of  400  ft. 
of  gray  sandstones,  gray  shales,  limestones  and  coal  beds,  is  also  prac- 
tically barren  of  oil  and  gas,  and  is  encountered  by  the  drill  everjrwhere 
along  the  deeper  part  of  the  basin.  At  its  base  is  the  great  Pittsburgh 
Coal  bed  used  widely  as  a  key  rock  by  the  drillers  of  Pennsylvania  and 
West  Virginia. 

Conemaugh  Series. — The  Conemaugh  Series,  comprising  500  to  600  ft. 
of  gray  sandstones,  red  and  sandy  shales  and  a  few  coals  and  limestones, 
contains  the  Little  Dunkard  sand  in  the  lower  portion  and  the  Big  Dimkard 
at  its  base,  both  of  which  have  produced  oil  at  several  localities  in  the  State. 

Allegheny  Series. — The  Allegheny  Series,  250  ft.  thick  and  composed 
of  gray  sandstones,  gray  shales  and  having  a  few  coals  and  thin  limestones, 
contains  the  Burning  Springs  and  Gas  sands,  that  produce  oil  in  great 
quantity  along  the  Burning  Springs  Anticline. 
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COLUMNAR  SECTION  FOR  CENTER  OF  WEST  VIRGINIA  OIL  FiaOS 
(UnloB  ud  StUTOuBdlDS  CoudUh) 
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Poitsville  Series, — ^The  Pottsville  Series,  composed  of  gray  coiig;Iom- 
eratic  sandstones,  gray  shales,  and  having  numerous  coal  beds,  varies  in 
thickness  from  about  200  ft.  in  the  northern  panhandle  to  nearly  4,000 
ft.  at  the  southern  end  next  to  Virginia.  Along  the  axis  of  the  Appa- 
lachian Basin,  its  thickness  at  the  Pennsylvania  line  is  about  250  ft., 
and  this  increases  gradually  to  nearly  1,000  ft.  at  the  Kentucky  line. 
Oil  is  often  found  in  several  of  its  sands,  the  upper  one  being  called  the 
Second  Cow  Rim,  and  the  lower  ones  being  usually  termed  the  First, 
Second,  and  Third  Salt  sands.  Copious  flows  of  salt  water  are  usually 
found  in  one  or  more  of  these  horizons,  giving  rise  to  their  names. 

Mauch  Chunk  Series. — The  Mauch  Chunk  Series,  composed  mainly 
of  red  and  green  shales,  with  a  few  flaggy  green  flne-grained  sandstones 
and  impure  limestones,  varies  in  thickness  from  only  a  few  feet  in  some 
of  the  western  counties  to  about  3,600  ft.  in  Summers  and  Mercer.  Along 
the  oil  belt  it  is  usually  about  250  ft.  thick,  with  the  Maxton  oil  and  gas 
sand  near  the  base. 

Greenbrier  Limestone. — The  Greenbrier  limestone,  usually  a  solid  mass 
of  hard  limestone,  varies  in  thickness  from  50  ft.  in  the  northern  pan- 
handle to  1,500  ft.  in  Greenbrier  and  other  southern  Counties.  Along  the 
Appalachian  Basin,  it  averages  about  100  ft.  and  is  known  as  the 
"Big  Lime,"  and  is  the  most  dependable  key  rock  below  the  Pittsburgh 
Coal,  as  the  intervals  from  it  to  the  lower  sands  are  fairly  constant  over 
wide  areas.  It  is  seldom  a  producing  horizon  but  makes  some  oil  and  gas 
from  sandy  streaks  in  Lincoln,  Wayne,  and  Mingo  Counties. 

Pocono  Series, — The  Pocono  Series,  composed  of  gray  sandstones  and 
gray  shales,  is  usually  about  500  ft.  thick  in  all  the  counties  along  the 
Appalachian  Basin,  and  contains  the  Keener,  Big  Injun,  Squaw,  Weir, 
and  Berea  sands.  Of  these  the  Big  Injim  is  the  most  prolific  oil  and  gas 
horizon  of  the  State,  possibly  deriving  its  oil  from  the  Big  Lime  which 
often  rests  directly  upon  it;  the  Berea  sand  is  a  close  second  to  the  Injun, 
being  of  widespread  occurrence  and  often  productive  Qver  wide  areas. 

Catskill  Series. — The  Catskill  Series,  composed  of  red  or  brown  sand- 
stones, separated  by  red  shales,  varies  from  500  to  800  ft.  in  thickness  and 
contains  the  Gantz,  Fifty-foot,  Thirty-foot,  Gordon  Stray,  Gordon, 
Fourth,  Fifth  or  McDonald,  Sixth  or  Bayard,  and  Seventh  or  Elizabeth 
sands.  Of  these  the  Gordon  is  the  most  valuable  producer,  ranking  with 
the  Berea  m  the  quantity  of  oil  but  not  having  such  a  wide  occurrence. 
The  sands  of  this  series  are  the  lowest  that  have  been  conmiercially  pro- 
ductive in  the  State.  Southward  toward  Kentucky,  the  series  thins  out 
completely,  being  scarcely  represented  at  all  south  of  the  Great  Kanawha 
River. 

Chemung,  Portage  and  Hamilton  Series. — The  Chemimg  and  Portage, 
composed  of  green,  gray  and  brown  shales  respectively,  with  lenticular 
sandstones,_the  Chemung  being  probably  about  1,500  ft.,  the  Portage 
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about  800,  and  the  Hamilton  about  700,  contain  no  productive  sands  in 
West  Virginia,  although  the  Speechley  sand  of  the  Chemung  has  made 
shows  of  oil  and  gas  in  various  wells.  In  northern  Pennsylvania,  there 
are  several  productive  horizons  in  this  group.  Westward  in  Ohio  and 
southward  toward  Kentucky,  these  three  series  thin  out  almost  com- 
pletely, leaving  the  Berea  sand  only  700  to  1,000  ft.  above  the  Corniferous 
limestone.  These  shales  form  a  great  barrier  that  has  prevented  any 
exploitation  of  the  lower  Devonian  sands  in  northern  West  Virginia. 

MarceUus  Shale, — The  Marcellus  shale,  known  as  the  Ohio  black 
shale  in  the  State  of  that  name  and  as  the  Chattanooga  shale  in  Tennessee, 
and  often  called  simply  the  Devonian  black  shale,  is  probably  about  300 
ft.  thick  along  the  Appalachian  Basin  in  West  Virginia.  It  is  a  black, 
bitimiinous  horizon,  and  contains  a  few  lenticular  gas  sands  in  Ohio  and 
Kentucky. 

Corniferous  Limestone. — ^The  Corniferous  limestone,  probably  not 
more  than  50  ft.  thick  in  West  Virginia,  is  the  Ragland  oil  sand  of  Menef ee 
and  Morgan  Counties,  Kentucky.  It  has  been  penetrated  in  West 
Virginia  by  only  three  wells  near  the  Kentucky  line  (Nos.  26,  26A,  and 
27  on  Plate  1),  and  in  two  or  three  wells  in  Randolph  and  Tucker  Counties 
in  the  Alleghany  Mountains,  the  detailed  records  of  only  one  of  which 
(No.  32)  has  been  obtained.  It  is  probable  that  the  most  eastern  oil 
counties  of  the  State  do  not  have  this  horizon,  as  its  presence  is  not  noted 
in  the  Alleghany  Moimtains  where  it  should  crop,  and  where  it  should  be 
easily  recognized  from  its  well-known  flints  and  fossils. 

Oriakany  Sandstone. — The  Oriskany  sandstone,  gray  in  color  and  prob- 
ably 150  ft.  thick,  and  a  producer  of  oil  and  gas  in  southern  Indiana  and 
central  New  York,  was  found  in  the  Geary  Well  (No.  42  on  Plate  1)  in 
Pennsylvania,  where  it  was  155  ft.  thick,  and  in  the  Slaughter  Creek  Well 
(No.  27  on  Plate  1)  in  Kanawha  County,  West  Virginia,  where  it  was  15 
ft.,  and  in  the  Parsons  Well  (No.  32  on  Plate  1),  where  it  was  80  ft. 
West  of  the  basin  it  is  not  noted  in  the  deep  wells  of  Ohio  but  on  the 
eastern  side  of  the  Alleghany  Mountains  it  is  the  well-known  glass  sand 
of  Morgan  County,  West  Virginia,  and  it  seems  likely  that  it  is  represented 
along  the  basin  in  West  Virginia. 

Helderberg,  Salina^  and  Niagara. — The  .  Helderberg,  Salina,  and 
Niagara  limestones,  often  comprising  a  solid  limestone  mass  800  ft.  or 
more  thick,  and  known  in  Ohio  drilling  parlance  as  the  "Big  Lime," 
has  been  penetrated  in  West  Virginia  only  by  the  Bartram  (No.  26A) 
and  Slaughter  Creek  (No.  27)  Wells,  and  was  found  in  the  Geary  (No. 
42)  Well  in  Pennsylvania.  Since  this  great  limestone  mass  is  found  in 
these  three  wells  and  is  universally  present  in  Ohio,  and  is  also  found  in 
much  the  same  great  development  in  West  Virginia  east  of  the  Alle- 
ghanies,  it  seems  safe  to  conclude  that  it  is  present  along  the  Appalachian 
Basin  with  the  same  or  greater  thickness.     It  is  possibly  the  parent  reser- 
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voir  from  which  much  of  the  White  Medina  sandstone,  or  "  Clinton  Sand  " 
oil  of  Ohio  is  derived,  so  that  its  presence  along  the  basin  is  of  special 
interest. 

Clinton  Shales, — The  Clinton  variegated  shales  are  usually  found  in 
Ohio  between  the  "Big  Lime"  and  the  "Clinton"  sand,  varjdng  in  thick- 
ness from  50  to  200  ft.,  and  probably  occur  in  West  Virginia  along  the 
Basin. 

Medina  White  Sandstone. — The  "Clinton"  oil  sand  of  southern  Ohio, 
believed  by  I.  C.  White  and  others  to  represent  the  Medina  white  sand- 
stone, is  the  great  oil-and  gas-producing  stratum  of  Hocking,  Fairfield, 
Perry,  and  other  southern  Ohio  Counties,  being  usually  10  to  50  ft.  thick. 
No  drill  has  ever  reached  it  in  West  Virginia,  but  it  is  present  in  the 
Alleghany  Mountains  east  of  the  oil  fields  and  probably  occurs  along  the 
Basin. 

Medina  Shales, — ^The  Medina  variegated  shales,  with  probable 
lenticular  sandstone  horizons,  noted  in  many  deep  wells  in  southern  Ohio, 
may  have  a  thickness  of  500  ft.  along  the  Appalachian  Basin. 

Martinsburg  Shale, — ^The  Martinsburg  shale,  often  called  the  Cincin- 
nati or  Hudson,  is  found  in  Ohio,  Kentucky,  and  eastern  West  Virginia, 
and  may  therefore  be  taken  for  granted  along  the  Appalachian  Basin  in 
West  Virginia.  According  to  Hoeing,*  this  series  furnishes  several  oil 
and  gas  sands  in  Wolfe,  Morgan  and  other  Kentucky  Counties.  Its  thick- 
ness is  possibly  500  to  1,000  ft.  along  the  Appalachian  Basin. 

Utica  Shale. — The  Utica  formation,  consisting  of  black  shales  with 
probable  sandstone  lentils,  may  have  a  thickness  of  300  ft.  along  the 
basin,  although  the  information  regarding  it  in  surrounding  States  is 
vague  and  uncertain. 

Trenton  Limestone. — ^The  Trenton  group,  composed  of  several  thick 
limestones,  often  coalesced  into  one  thick  mass  1,000  to  1,200  ft.  thick, 
is  the  great  oil  and  gas-producing  zone  of  north-central  Ohio  and  also 
is  productive  in  Indiana,  central  New  York,  and  in  some  parts  of 
Kentucky.  The  fact  that  it  occurs  in  these  surrounding  States  and  also 
crops  in  great  thickness  in  West  Virginia  east  of  the  Alleghanies  seems  to 
leave  little  doubt  that  it  occurs  also,  with  its  usual  great  thickness,  along 
the  Appalachian  Basin. 

Cross-Sections 

Based  on  the  evidence  of  the  numbered  wells  shown  on  Plate  1,  many 
of  which  were  very  deep  tests,  and  on  many  hundreds  of  oil  and  gas  wells, 
the  records  of  which  are  published  in  the  West  Virginia  State  Reports, 
and  also  on  the  outcropping  rocks  around  the  rim  of  the  Appalachian 
Basin,  five  cross-sections,  the  geographic  locations  of  which  are  shown 

*  J.  B.  Hoeing:  Oil  and  Gas  Sands  of  Kentucky,  BuUeiin  No,  1,  KerUudeyOeo- 
logical  Survey,  pp.  39-40  (1905). 


DAVID  B.  BEQER 


1  i  IJJL 


DiMrmliKd  Imn  >  Iim  Diip  Willi  mud  huii  iDMWtll  > 

Plate  3. — CBoee-SBcrtoNB  as  Indicated  on  Plate  1, 


1718      DEEP  SAND  OIL  AND  OA8  IN   THE  APPALACHIAN  GBO-SYNCLINE 

on  Plate  1,  have  been  plotted  across  the  basin  in  West  Virginia  (Plate  3). 
The  scale  of  the  plates  does  not  permit  the  representation  in  detail  of 
the  surface  hills  and  valleys  but  a  solid  line  shows  the  ancient  peneplain 
surface  of  the  ridges,  and  another  shows  the  plane  of  the  main  drainage 
channels  with  reference  to  sea  level,  from  which  the  approximate  interval 
from  this  latter  plane  to  the  principal  sands  may  be  determined,  as  all 
estimates  for  drilling  must  start  from  this  drainage  plane.  Formations 
shown  with  solid  lines  are  plotted  from  actual  records  but  the  gaps  are 
filled  in  with  dotted  lines  to  represent  the  probable  positions  of  the  various 
deep  sands  and  lim/estones  as  outlined  above.  Of  the  more  shallow  sands, 
only  two  or  three  are  plotted  for  use  as  key  rocks.  These  cross-sections 
reveal  the  very  interesting  probability  that  the  well-known  gradual 
eastward  thickening  of  the  Chemung,  Portage,  and  Hamilton  shales 
shifts  the  axis  of  the  Appalachian  Basin  of  the  lower  limestones  and 
sands  many  miles  farther  east  than  the  position  it  occupies  when  referred 
to  the  formations  above  these  shales. 

* 

Deep-Welt  History 

The  accompanying  table,  containing  the  abbreviated  records  of  a 
large  number  of  wells,  has  been  compiled  from  the  various  sources  indi- 
cated to  show  the  different  deep  tests  that  have  been  made  in  West 
Virginia  and  in  neighboring  States  to  find  oil  in  the  sands  below  the  Cats- 
kill  Series.  In  Ohio,  where  hundreds  of  productive  wells  have  been 
drilled  to  the  "Clinton"  and  Trenton,  only  those  have  been  selected  that 
lie  nearest  to  the  Appalachian  Basin,  being  Iqcated  along  a  fairly  straight 
Une  reaching  from  Lake  Erie  to  the  Ohio  River,  and  in  Kentucky  only  a 
few  wells  are  listed  to  show  the  typical  formations  and  intervals.  Each 
weU  is  given  a  tabular  number  that  corresponds  to  the  same  number  placed 
beside  the  well  symbol  on  Plate  1. 

Of  the  wells  tabulated  for  West  Virginia,  only  four  (Nos.  26,  26A,  27 
and  32)  were  drilled  as  deep  as  the  Comiferous  limestone,  and  only- 
three  of  these  went  through  the  Oriskany  sandstone  into  the  Niagara  and 
Helderberg  limestone.  No  well  in  the  State  has  ever  been  drilled  into 
the  Medina  White  sandstone  ("Clinton"  oil  sand  of  Ohio)  or  into  the 
Trenton  limestone.  All  the  wells  drilled  to  the  Oriskany  sandstone  have 
been  somewhat  distant  from  the  main  oil  fields  of  the  State  and  are 
therefore  indecisive  as  tests  of  its  oil  and  gas  possibilities.  Briefly, 
then,  the  deep  sands  not  yet  tested  in  the  main  West  Virginia  oU  fields 
are  the  Corniferous  limestone  (''Ragland"  of  Kentucky),  Oriskany, 
Medina  white  sandstone  (" Clinton"  of  Ohio),  and  the  Trenton  limestone, 
with  a  possibility  of  another  sand  horizon  in  the  Martinsburg  (Hudson) 
group,  which  produces  oil  in  Kentucky. 

The  well  most  typical  of  the  formation  and  conditions  likely  to  be 
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encountered  in  drilling  for  these  deep  sands  in  West  Virginia  is  the  Geary 
deep  well  (No.  42  on  Plate  1)  drilled  near  McDonald,  Pa.,  and  only 
about  60  miles  due  north  of  the  main  West  Virginia  fields.  This 
well  holds  the  unique  distinction  of  being  the  deepest  hole  ever  drilled 
in  the  United  States,  and  its  record  down  into  the  Ohio  "Big  Lime" 
was  published  by  I.  C.  White.'  Judging  from  the  record  of  this  well  and 
that  of  the  Slaughter  Creek  (No.  27)  deep  well,  it  seems  likely  that  trouble- 
some salt  water  may  be  expected  in  the  Oriskany  and  Salina  beds  along 
the  minor  synclines  that  lie  parallel  to  iiie  main  Appalachian  Basin, 
and  that  oil  and  gas  will  more  probably  be  found  along  the  axes  of  the 
anticlines  or  at  no  great  distance  down  their  slopes. 

This  theory  that  oil  may  be  found  principally  along  the  anticlines 
is  contrary  to  the  experience  of  operators  who  have  exploited  the  sands 
of  the  Catskill  Series  in  the  same  region,  and  who  have  learned  through 
the  drilling  of  many  thousands  of  wells  that  these  latter  sands  are  usu- 
ally not  water-bearing  and  the  oil  is-  therefore  almost  universally  found 
along  the  S3mclines. 

Whether  deep-sand  oil  and  gas  exist  in  commercial  quantity  along 
the  Appalachian  Basin  in  West  Virginia  will  be  known  only  through  the 
ultimate  test  of  the  drill,  but  the  fact  that  these  sands  are  widely  pro- 
ductive in  Ohio,  Kentucky,  Indiana,  and  New  York,  in  regions  where 
structiu'al  relief  is  similar  to  that  in  West  Virginia,  and  the  further  strong 
probability,  and  almost  certainty,  that  these  porous  reservoirs  actually 
exist  in  close  proximity  to  the  great  limestones  that,  along  with  the 
Devonian  black  shales,  are  evidently  their  main  source  of  oil  in  other 
localities,  indicates  that  they  will  be  found  commercially  productive 
along  the  Basin.  The  fact  that  the  bituminous  shales  are  undoubtedly 
much  thicker  in  West  Virginia  than  in  Ohio,  Kentucky  and  Tennessee 
indicates  an  even  more  hopeful  possibility  of  oil. 

K  the  doubt  as  to  the  presence  of  oil  be  dismissed  as  unreasonable, 
the  problem  of  the  operator  resolves  itself  into  the  double  question; 
first,  as  to  the  location  of  the  pools  of  oil  and  gas;  and,  second,  as  to 
the  mechanical  possibility  of  drilling  wells  5,000  to  10,000  ft.  deep. 
As  outlined  above,  the  most  favorable  localities  seem  to  be  along  or 
near  the  axes  of  the  anticlines  where  the  danger  of  finding  salt  water 
would  be  minimized  and  where  the  gas,  if  any,  should  most  certainly 
collect.  The  search  for  oil  would  naturally  be  made  on  either  side  of 
the  anticlines  by  making  locations  at  increasing  distances  from  the  axes. 

That  drilling  may  be  carried  on  successfully  to  the  great  depths 
indicated  by  the  figures  above  seems  open  to  little  serious  doubt.  In 
1860,  when  the  search  for  oil  and  gas  may  be  said  to  have  been  actively 
begun  in  the  Appalachian  Basin,  few,  if  any,  wells  had  been  drilled  to  a 

'I.  C.  White:  Notes  on  a  Very  Deep  Well  Near  McDonald,  Pennsylvania, 
BuUetin  of  the  Geological  Society  of  America,  vol.  24,  p.  275  (June  10,  1913). 
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Summarized  Record  of  Deep 


s 

Farm  Name  and  Num- 
ber and  Oil  Company 

County 

and 

State 

Eleva- 
tion 
above 
Tide. 
Feet 

Big  Lime  of 
W.  Va. 

Berea  Sand 

Comiferoua 
Limeatone 

Oriakaay 
SandftoDS 

a 
o 

• 

o 

Depth 
Top. 
Feet 

Thick- 
ness, 
Feet 

Depth 
Feet 

Thick- 
neas. 
Feet 

Depth  Thiflk- 
Top,     neas. 
Feet      Feet 

Depth 
Top. 
Feet 

Thiek- 
nesi. 
Feet 

1 

J.  A.  GiddinjKS  lot, 
Jefferson  0.  A  G.  Co. 

Ashtabula, 
Ohio. 

•   a  • 

•  •  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

a    a    • 

•  •  • 

2 
3 

Garfield  &  Caine, 
Eant  Ohio  G.  Co. 

Cuyahoga, 
Ohio. 

780 

•  •  • 

10 

80 

•  •  • 

•  •  • 

a    a   a 

•  a   ■ 

Citisens  No  1. 

Lorain, 
Ohio. 

•  •  • 

■  •  • 

■  •  • 

•  •  ■ 

•  •  • 

•   •  » 

...                  ... 

4 
5 

E.  S.  Albert  No.  1. 

Medina, 
Ohio. 

920 

•  •  • 

386 

10 

•  •  ■ 

•  ■  • 

a    «    •           1       ... 

1 

Barberton      Chem.      Co. 
No.  1. 

Summit, 
Ohio. 

•  ■  • 

•  •  • 

460 

10 

2.180 

•    •   « 

1 
...                  «   .   . 

6 

Wooatcr  well,                        Wayne, 
H.  B.  Odenkirk.                  Ohio. 

1 

860 

•  •  • 

465 

30 

•  •  • 
• 

1 

7 

Kaylor.                                 | 

•  •  • 

•  •  • 

615 

10 

•  •  * 

«                         1 

8 

Fairall. 

Muskingum, 
Ohio. 

■  •  ■ 

•     •     V 

834 

16 

•  •  • 

■  *  • 

1 
•    •    •                    •    •  a 

g 

Dillon  Falls  well, 
Chicago-Zanesville 
O.  &G. 

Muskingum, 
Ohio. 

•  ■  • 

•  •  • 

895 

12 

•  •  • 

•  •   ■ 

•    •    •                    ■    •   • 

1 
1 

10 

George  Handehsy, 

Zanesville  G.  A  0.  Co. 

Muskingum, 
Ohio. 

•    V    • 

•    ■    • 

1,010 

23 

•  ■  • 

■    a    • 

•  •  •          ... 

1 

11 

W.  J.  Roberts. 

Muskingum, 
Ohio. 

•   •   • 

250 

38 

847 

14 

•  ■  • 

•  m  • 

•  a  • 

a    •    • 

12 

McConnellaviUe  Fair 
Grounds, 
McConnellsville  City. 

Morgan, 
Ohio. 

725 

625 

44 

1.279 

66 

3,082 

2 

3.126    ;      8 

13 

T.  J.  Chappalear, 
J.  P.  Fishel. 

Morgan, 
Ohio. 

760 

1,150 

20 

•   •  • 

•  •  ■ 

a    •   • 

14 

Martin  No.  3. 
E.  S.  Martin. 

Perr^, 
Ohio. 

■  •  • 

920 

20 

•    •   • 

•    a    »                    *    •   • 

1 

15 

Crouse  No.  1. 
B.  S.  Stretton. 

Fairfield. 
Ohio. 

• 

•  •   • 

•  •  • 

• .  • 

a    ■    • 

•    •    • 

•  •    • 

•  •   a 

16 

Logan  town, 
Logan  town. 

Hocking, 
Ohio. 

748 

683 

46 

•  •  « 

•    •    ■ 

17 

Columbus  Hocking  C.  del. 
Columbus  Hocking  C. 
&L 

Athens, 
Ohio. 

•      •      • 

*  •  • 

•  •  • 

•   •  • 

•     •     B 

•   •    ■ 

18 

Waverly  0.  A  Gas,  Co. 
Waverly  O.  &  Gas  Co. 

Pike, 
Ohio. 

576 

«  •  • 

•  ■  • 

... 

■    •    • 

•     .     a 

•  •   • 

•  •   • 

•  •  • 

19 

Buckeve  Coal  Co.  No.  2. 
Buckeye  Coal  Co. 

Jackson, 
Ohio. 

•  ■  • 

640 

20 

... 

•    •   • 

•     ■    • 

20 

At  Vinton  village. 

Gallia, 
Ohio. 

•  •  ■ 

•   •  • 

•   •  • 

•    ■    « 

■     ■    • 

21 

At  Mt.  Vernon  village. 

La¥n'ence, 
Ohio. 

■  •  • 

1,096 

26 

•    •   • 

22 

At  Ironton  town. 

Lawrence, 
Ohio. 

600 

1,010 

47 

•    «    • 

•    a    • 

23 

Burns  well. 

Morgan, 
Kentucky, 

•  •  • 

368 

106 

1.096 

10 

•  mm 

«    a    •                  ■  •  • 

DAVID  B.  BBOBB 
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Wells  Shown  on 

Plate  1 

Helderberg, 
Saliiui    and 

Niacara, 

"Bis  Lime  of 

Ohio" 

Medina 

("CUnton") 

Sand 

Trenton 
Limestone 

Total 

Depth, 

Feet 

Reference  to 

Detailed 

Reoord 

Remarks 

Depth 
Top, 
Feet 

Thiek- 
neM. 
Feet 

Depth 
Feet 

Thick- 
neii. 
Feet 

Depth 
Top, 
Feet 

Thiek- 
neii. 
Feet 

1.810 

288 

2.127 

13 

•  •  • 

*  •  ■ 

2,140 

Ohio  Q.  8.  4th  aeries. 
Bidl.  1.  p.  303. 

OU  well  in  "Clinton"  sand. 

1.210 

1,455 

2,680 

a   •   • 

•  •  • 

•  •  • 

2.770 

Ohio  Q.  8.  4th  aeries. 
BttU.  12.  p.  65. 

Heavy  flow  of  water  and  oil 
show  in  Niagara  lime.  Gas 
in  "CUnton"  sand. 

440 

850 

•  •  ■ 

•  •   • 

2.645 

•  •  • 

•  •  ■  • 

Ohio  Q.  S.  4th  series. 
BitU.  12.  p.  64. 

Ko"ainton"sand. 

1,512 

1.127 

2.749 

14 

•  •   • 

•  •  • 

2,777 

Ohio  G.  S.  4th  series. 
ByU.  12,  p.  62. 

2.180 

3^ 

2,5007 

30 

•   •   « 

•  •  • 

3.006 

Ohio  G.  8.  4th  series, 
BttU,  1,  p.  296. 

Gas Bhow(T)  in  "  CUnton"  sand. 
Rock  salt  and  lime  in  lower 
300  ft.  of  hole. 

1.830 

1.085 

3.104 

31 

•  •  • 

•  •  • 

3,140 

Ohio  G.  8.  4th  series, 
Bidl.  12.  p.  60. 

1,440.000  cu.  ft.  of  gas  daily  and 
oil  show  in  "CUnton"  sand. 
Heavy  flow  of  brine  at  2.055  ft. 

1.725     '    960 

2,851 

28 

•   •   • 

. . .      2,957 

Ohio  G.  S.  4th  series. 
BuU.  12.  p.  59. 

Gas  show  in  "  Clinton"  sand. 

2.035 

934 

3,141 

21 

•  •   • 

•  •  ■ 

3,194 

Ohio  G.  S.  4th  series. 
BuU.  12,  p.  37. 

"  CUnton"  sand  oU  weU. 

2.120      1.275 

i 

3.543 

21 

■   ■   • 

•  •  • 

3,567 

Ohio  G.  S.  4th  series. 
BuU.  12.  p.  35. 

Salt  water    2,560  ft.  and  3,205 
ft.   Shows    of    oil    and  gas  in 
"CUnton"  sand. 

2.640      1.005     3,700 

38 

•    •    • 

3,805 

Ohio  G.  S.  4  th  series, 
BuU.  12.  p.  36. 

Dry  hole. 

2.195 

970    '3.296 

•  •  • 

3,314 

Gas  in  "CUnton"  sand. 

• 

• 

■    •   • 

«   •   • 

•   •  • 

•  •   « 

•  •  • 

3,186 

Ohio  G.  8.  4th  series, 
BuU.  1.  p.  145. 

Gas  in  Berea  sand. 

2.700 

900 

3.935 

9 

•  •   ■ 

•  ■  • 

3,947 

Ohio  G.  S.  4th  series, 
BuU.  12.  p.  38. 

No  oil  or  gas:  1  bailer  of  water 
per  hour  m  Niagara  Ume. 

2,170 

1,170 

3,175 

17 

•   •   • 

. . .      13.213 

1 

Ohio  G.  S.  4th  series. 
BuU.  12.  p.  23. 

OU  weU  in  "  CUnton"  sand. 

1.378 

■  ■   • 

2.180 

5 

3.470 

•   ■   ■ 

3.569 

Ohio  G.  8.  4th  series. 
BuU.  12,  p.  28. 

No  oil  or  gas  noted  in  record, 
but  was  probably  a  "  CUnton" 
gasser. 

1,715 

715 

2,627 

18 

•   ■    • 

•   «   • 

2.694 

Ohio  G.  8.  4th  series. 
BuU.  12,  p.  39. 

Dry  hole. 

•   •   • 

•  •  « 

•  •  • 

•  •  • 

•   •   • 

•   ■    • 

■  •  •  • 

Ohio  G.  S.  4th  series. 
BuU.  12,  p.  41. 

Drilled  to  "CUnton"  sand. 
No  oil  or  gas. 

485 

490 

•  •  • 

•  •  • 

1.960 

808 

3.335 

Ohio  G.  S.  4th  series. 
BuU.  12,  p.  48 

Some  salt  water  and  gas  in  Ni- 
agara lime;  oil  and  gas  show  in 
Trenton. 

660 

1.454 

2.255 

8 

•   •   ■ 

•   •  • 

2,315 

Ohio  G.  8.  4th  series, 
BuU.  12,  p.  44. 

4,000,000  cu.  ft.  of  gas  daily  in 
"CUnton"  sand. 

«   •   ■ 

•  •   ■ 

•  •  • 

•  •  • 

■   •    • 

•    •   • 

3,200 

Ohio  G.  8.  4th  series, 
BuU.  12.  p.  44. 

Dry  hole.  No    "CUnton" 
sand. 

1.810 

620 

•  ■  • 

•  ■  • 

•  •    • 

•   •   • 

2,730 

Ohio  G.  S.  4th  series. 
BuU.  12,  p.  50. 

Dry  hole.  No    "CUnton" 
sand. 

1.827 

584 

•  •   ■ 

•  •   • 

3.440? 

•   •   • 

3,600 

Ohio  G.  S.  4th  series. 
BuU.  12,  p.  49. 

Dry  hole.  No  "CUnton" 
sand. 

•   •  • 

•  •  ■ 

1.408 

94 

•  •   • 

•    •    a 

1,508 

Ky.    G.    8.   BuU.    1. 
p.  159. 

"  CUnton  "  sand  oil  weU. 
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9 

■♦J 
e8 

a 

o 

o 
i24 


25 
26 


26 
A 


27 

28 
29 
30 

31 

32 


Farm  Name  and  Num- 
ber and  Oil  Company 


County 

and 

SUte 


Eleva- 
tion 
above 
Tide, 
Feet 


Big  Lime  of 
W.  Va. 


Depth 
Top, 
Feet 


Thick- 
ness, 
Feet 


33 


34 


35 


Caney  Creek  well, 
G.  M.  Sullivan. 


Blaine  Creek  well. 


Morgan, 
Kentucky 


Lawrence, 
Kentucky 


Central  City  well, 
T.  H.  Harvey. 


David  Bartram  No.  483, 
United  Fuel  Gas  Co. 


Cabell, 
W.  Va. 


Slaughter  Creek  C.  &  L. 
Co. 
W.  8.  Edwards  Oil  Co. 


Griffith  No.  1, 

Rich  Creek  O.  &  G.  Co. 


B.  T.  Baker  No.  1. 
Suiflmera  O.  &  G.  Co. 


P.  C.  Daniels  No.  1. 
Tygarte  Valley  Oil  Co. 


Alonso  W.  Murphy  No.  1. 
Mead  ei  cU. 


Parsons  Pulp  &  Lumber 
Co. 
Parsons  Pulp  &  Lumber 
Co. 


J.  C.  Benson  No.  3.612 
Hope  Natural  Gas  Co. 


Porter  Maxwell  No.  3,869. 
Hope  Natural  Gas  Co. 


M.  J.  Coplin  No.  1, 
Tri-State  Gas  Co. 


36  Absalom  Knotts  No.  1, 
Greensboro  Gas  Co. 


37 


R.  S.  Hauser  No.  1, 
Greensboro  Gas  Co. 


38  Russell  McCartney  No.  1, 
Greensboro  Gas  Co. 


38 


39 


T.  E.  Dye  No.  1, 
Am.  Hydroacope  Co. 


J.  F.  Dobbs  No.  1, 
South  Penn  Oil  Co. 


40  BoKgs  Run  well. 

Wheeling  Dev.  Co, 


41  VVm.  Bedell, 

Forest  Oil  Co. 


I 


421 R.  A.  Geary  No.  1,770, 
Peoples  Nat.  Gas  Co. 


Wayne, 
W.  Va. 


Kanawha, 
W.  Va. 


Mercer, 
W.  Va. 


Summers, 
W.  Va. 


Randolph 
W.  Va. 


Randolph, 
W.  Va. 


Tucker, 
W.  Va. 


Barbour, 
W.  Va. 


Harrison, 
W.  Va. 


Harrison, 
W.  Va. 


Taylor, 
W.  Va. 


Taylor, 
W.  Va. 


Taylor, 
W.  Va. 


Ritchie, 
W.  Va. 


Marshall, 
W.  Va. 


530 


595 


640 


2,090 


1.586 


1,990 


1,995 


1,655 


1,026 


1,050 


1,030 


1,460 


1,480 


1,580 


980 


Marshall,       \    900 
W.  Va.         I 


453 


970 


1,220 


1.453 


1,020 


1,235 


1,531 


1,288 


960 


950 


1,055 


1,760 


Allegheny   . 
Penna. 


1,050 


Washington,!  1,050 
Penna. 


43  Witherop, 

!     Conway  Bros. 


Venango, 
Penna. 


955 


953 


Berea  Sand 


Depth 
Top, 
Feet 


Corniferous 
Limestone 


Onskany 

SandstoM 


Thick-  Depth 
Top, 


Feet 


69    11,035 


150 


1.660 


1,730 


80  11,875 


207 


1,057 


90 


77 


50 


40 


35 


30 


•  •     I     •  •  • 


50 


29 


2,093 


2.600 


1,615 


1,711 


1,460 


1.500 


1,515 


1,610 


12 


25 


138 


13 


120 


90 


50 


12 


Thick- Depth  Thick- 
neas,  |  Top,  '  new. 
Feet  !  Feet  ^  Feet  i  Feel 


24     11,370 


2,592 


25      2,760 


20      2,760 


4,945 


3,825 


6,008 


3,870 


-6 


10 


410 


•  *  ■ 

•  •  • 

•  •  • 

•  «  ■ 

•  •  • 

■  •  ■ 

5.035 

15 

» 

•  •  ■ 

20      3.980        SO 


BBS  •     •     • 

«       •      «  •       •      • 

4 

I 
I 

.  . .      I      •  •  • 

I I 

1  j 

...        '        •••       i       ••• 

I 

.  .  .  •  .  •       '        ••• 

I 

•■•        I        •••  ••• 

...  •..  ••■ 

•  ••  ...        I       .•• 

j I . 

•  ••        j        •••  ••• 

I I « 

I 

•  ••  f  •••  •■• 


37      6.045   :  155 


10 


Shovm  on  Plate  1  {Contimied) 


1723 


Helderbers, 

Salin*  And 

Niagara, 

"Bis  I^me  of 

Ohio" 


Depth 
Feet 


Thick- 
ness, 
Feet 


Medina 

("CUnton") 

Sand 


Depth 
Top, 
Feet 


Thick- 
ness, 
Feet 


Trenton 
Limestone 


Depth 
Top. 
Feet 


Thick- 
ness, 
Feet 


Total 

Depth, 

Feet 


Reference  to 

Detailed 

Record 


Remarks 


•  •  • 

•    •   • 

1.408 

1 

■  ■  • 

•  •  * 

2,021 

Ky.    Q.    S.     BuU.    1. 
p.  72. 

Oil  and  gas  in  "Clinton"  and 
Caney  Sands.  Salt  water  in 
Clinton.  Probably  stopped 
just  short  of  Trenton. 

A    •      •                                      •     ■    • 

1 

•  •  • 

•  •  •           f          •  •  • 

2.607 

Ky.    G.    S.    BuU.    1, 
p.  78. 

Gas  in  Pottsville  Conglomerate 
and  Berea  sand. 

•     •      ■ 

■    •    • 

•  •  ■ 

1 

■    *  « 

2,770 

W.  Va.  G.  S.  Vol.  I 
(A),  p.  495. 

Oil  and  gas  in  Berea  sand;  gas 
in  bastard  limestone  at  2,485 
ft. 

2,760 

410 

•  ■  • 

•  •  ■ 

3,130 

Unpublished. 

Dry  hole;  oil  show  in  Weir  sand 
at  1,790  ft.;  Corniferous  and 
Niagara  recorded  together. 

5,050 

545 

•  ■  ■ 

■   •  • 

5.505 

W.  Va.  G.  8.  Kana- 
wha  Report,  p.  six. 

Squaw  sand  gas;  water  in  Niag- 
ara Lime  at  5,592  ft. 

■  •  • 

•  •  •                  •  •  • 

1 

•   ■   ■ 

4.105 

W.  Va.  G.  S.  Raleigh 
Report. 

Still  drilUng;  base  of  Potts- 
ville, 105  ft. 

1 

•  •  • 

2.664 

W.  Va.  G.  S.  Raleigh 
Report. 

Dry  hole. 

•    •*                           •••                         ••« 

•   •   • 

2.0007 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

Starts  near  base  of  Chemung 
Series.     Shows  of  oil  and  gas. 

«    ■    « 

•  •  • 

•  •  • 

■   •  • 

2.385 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

Starts  near  base  of  Chemung 
Series.     Dry  hole. 

•   •    • 

•  •  • 

•  •  • 

■  ■  • 

4,250 

Not  published. 

Starts  near  base  of  Chemung 
Series.  Pockets  of  gas  at  825 
to  835  ft.,  1.053  and  3.830  ft. 
Strong  salt  water  at  3,990  ft. 
to  4,000  ft. 

•    •    ■ 

V   •   • 

'  "  * 

•   •  • 

4.570 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

Gas  in  Big  Lime.  Big  Injun, 
Berea,  and  Kane(?)  sands. 

•   •    • 

... 

•  ■  • 

4.386 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

•   •    • 

■   •  ■ 

•  «  « 

4.028 

W.    Va.   Q.   8.    Dod- 
dridge-Harrison 
Report,  p.  120. 

Little  gas  in  lime  and  shells  at 
2,950  ft. 

•   •    • 

•  •  • 

•   •  • 

3.955 

W.    Va.    G.    8.    Bar- 
bour- Upshur-Ran- 
dolph Report. 

Gas  show  at  1,210  ft. 

•    •    • 

•  •  • 

•  •  • 

4,437 

W.    Va,    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

Light  gas  in  Big  Injun  sand; 
Kane(?)  sand,  4,108  to 
4,162  ft. 

•    •    • 

•  ■  • 

■   ■  • 

• 

3,506 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

Gas  show,  2.425  ft. 

•    •    • 

•  •  • 

•    V    • 

4.450 

W.   Va.   G.   8.   Dod- 
dridge-Harrison Re- 
port, p.  284. 

Flow  of  oil  in  Speechley  sand  at 
3,125  ft. 

•   •    • 

■  •  • 

•  •  « 

3.411 

W.  Va.  G.  8.  Marshall- 
Wetsel-Tyler  Report, 
p.  390. 

Gordon  sand  oil;  Speechley 
sand,  3.344  to  3,376  ft.  with 
some  dark  oil. 

•    •    • 

•  •  • 

•   •  • 

e  •  • 

4,500 

W.  Va.  G.  S.  Vol.  I, 
p.  364. 

Base  of  Big  Injun  at  1,570  ft.; 
show  of  oil  at  2.955  ft. 

•    •    • 

•  •  • 

•  •  * 

■  •  • 

5.575 

W.  Va.  G.  S.  Vol.  I 
(A),  p.  104. 

Speechley  sand.  3.150  to  3,165 
ft.;  Bradford  sand,  3,500  to 
3.520  ft.  with  trace  of  oil:  hole 
stopped  in  Marcellus  shale. 

■   •    • 

•  ■  • 

•  •  « 

•  •  ■ 

6.299  + 

G.  8.  A.,  BuU.  Vol.  24, 
p.  275,  1913. 

Gas,  4,850  ft.,  4,870,  5.900. 
5,905.  5,910,  5,915.  6,060  ft. 
Not  yet  completed. 

•    •    • 

•   •  • 
1 

•  •   ■ 

•    •    B 

3,880 

W.  Va.  G.  8.  Vol.  I 

/  A\       _       OA 

Slight  shows  of  oil  and  gas. 
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depth  of  1,000  ft.  In  1890,  when  development  was  at  its  height,  3,000 
ft.  was  considered  an  unusual  depth,  but  by  1910  several  holes  had  been 
drilled  more  than  5,000  ft.  and  at  the  present  time  at  least  two  weUs 
in  the  world  have  been  drilled  more  than  7,000  ft.  The  advance  in 
drilling  has  been  just  as  rapid  as  in  any  other  line  of  human  endeavor 
where  mechanical  ingenuity  and  skill  must  be  used  and  in  these  qualifica- 
tions the  Scotch-American  well  driller  stands  second  to  none.  To  say 
that  drilling  cannot  be  continued  to  greater  depths  than  the  Geary  and 
Slaughter  Creek  wells  would  call  for  a  total  cessation  of  the  enterprising 
experimentation  that  has  characterized  oil-well  drilling  from  its  very 
beginning. 

Suggestions  for  Drilling 

A  comparison  of  the  cross-sections  on  Plate  3,  in  conjunction  with 
the  data  exhibited  on  Plates  1  and  2,  shows  that  ideal  conditions  may  be 
found  along  several  of  the  anticlines  east  and  west  of  the  main  Appala- 
chian Basin,  among  which  may  be  mentioned  the  New  Martinsville, 
Washington,  Brownsville,  Arches  Fork,  Big  Moses,  Chestnut  Ridge 
(known  as  the  Warfield  in  southern  West  Virginia),  and  last  and  best  of 
all,  the  Burning  Springs,  which  stretches  in  a  north  and  south  direction 
for  more  than  30  miles  through  the  very  heart  of  the  oil  fields  and  in  a 
region  where  the  Devonian  shales  are  probably  much  thinner  than  at 
points  farther  east.  A  well  drilled  at  the  point  where  this  anticline 
crosses  Walker  Creek,  near  Sandhill,  10  miles  southward  from  St.  Marys, 
and  5  miles  north  of  Petroleum  on  the  Baltimore  and  Ohio  Railroad,  and 
53^  miles  south  of  the  point  where  cross-section  CC  crosses  the  anticline, 
would  have  a  tidal  elevation  of  920  ft.  Being  at  the  simimit  of  the 
great  Volcano  dome,  it  would  start  at  an  approximate  interval  of  1,000 
ft.  below  the  Pittsbm-gh  Coal  and  should  find  the  Big  Lime  of  West 
Virginia  at  about  100  ft.,  the  Berea  sand  at  about  600  ft.,  the  Cornifer- 
ous  limestone  at  about  3,500  ft.,  the  Oriskany  sandstone  at  about  3,550 
ft.,  the  Medina  white  sandstone  ("Clinton")  at  about  4,700  ft.,  and 
should  reach  the  Trenton  limestone  at  about  6,000  ft.  The  dome-shaped 
structiu*e  at  this  point  would  almost  insure  the  absence  of  water  in  the 
sands,  at  the  same  time  making  the  financial  risk  much  less  than  at  any 
other  point  in  the  well-developed  oil  fields  of  the  State.  Oil  or  gas  secured 
at  this  point  would  immediately  open  a  prospective  field  for  30  miles 
along  the  crest  of  this  great  anticline  where  conditions  are  similar  all 
the  way  from  St.  Marys  on  the  Ohio  River  to  Burning  Springs  near  the 
corner  of  Wirt,  Roane  and  Calhoun  Counties. 

Should  this  region  prove  to  be  commercially  productive  from  the 
lower  sands,  attention  would  naturally  turn  to  the  other  anticlines  men- 
tioned, where  drilling  would  be  more  expensive  but  the  possibility  of 
finding  oil  and  gas  reasonably  good. 
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[suBJBcrr  TO  bbvision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ahotild  |»refenibly  be  preaented  in  perton  at  the 
Arisona  meeting,  Se^itemDer,  1016,  when  an  abetract  of  the  paper  will  be  read.  If  this  is  impossible. 
then  discussion  mA  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1016.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Petrography  of  the  Mount  Morgan  Mine,  Queensland. 

BT  W.  B.   GABTy  B.  8.,  M.  A.,*  BUTTB,  MONT. 
(Arisona  Meeting,  September,  1016) 

Introduction 

Since  the  time  of  their  discovery,  the  genesis  of  the  ores  at  Mount 
Morgan,  and  the  nature  of  the  changes  which  have  affected  the  surround- 
ing rocks,  have  been  the  subject  of  investigation  and  speculation  by  geolo- 
gists and  mining  engineers.  Developments  at  this  mine,  for  a  long 
period  the  greatest  gold  producer  of  the  world,  show  that  with  depth 
the  orebody  grades  into  copper,  of  which  metal  it  now  furnishes  a  large 
output,  exceeding  in  value  the  gold. 

In  earlier  times,  the  purity  of  the  gold  and  the  first  extremely  hetero- 
geneous character  of  the  ore  made  it  an  interesting  problem.  Now,  the 
probable  depth  of  the  copper  enrichment,  genesis,  and  true  relations 
of  the  neighboring  rocks  furnish  equally  profitable  material  for  investi- 
gation, and  the  present  somewhat  detailed  description  of  these  ores  and 
rocks,  from  microscopic  study,  may  prove  of  interest. 

The  mine  occupies  a  highly  silicified  portion  of  a  belt  of  quartz-por- 
phyry, which  is  believed  to  be  the  oldest  rock  of  the  region.  This  belt 
of  quartz-porphyry  and  allied  rocks  runs  north  and  south  between  two 
areas  of  a  later  intrusive  granite,  as  shown  on  the  geologic  map,  ^  Fig.  1. 
Near  the  orebody  the  quartz-porphyry  has  been  intruded  by  a  dense 
basaltic  mass  called  the  '*  Old  Basic.  *'  Cutting  all  three  of  these  igneous 
masses  are  two  sets  of  basaltic  dikes,  one  nmning  northwest-southeast, 
and  the  other,  cross  dikes,  northeast-southwest.  These  dikes  may  be 
contemporaneous  with,  instead  of  later  than,  the  ore.  Their  number  has 
caused  peculiar  difficulties  in  extracting  it,  as  the  clay  selvage  of  decom- 
posed material  affords  no  adhesion  between  dike  and  ore,  causing  great 
blocks  to  loosen  and  come  down. 

The  investigation  was  based  on  specimens  furnished  by  B.  Magnus, 
former  general  manager  of  the  mine,  and  notes  on  the  areal  geology  by 


*  Assistant  Geologist,  Anaconda  Copper  Mining  Co. 

^Reproduced  by  permission  of  the  Australasian  Institute  of  Mining  Engineers 
from  the  plate  accompanying  the  paper  of  J.  M.  Newman  and  G.  F.  CampbeU  Brown, 
Tranaactiona.  Aitstrakuian  InstiUUe  qf  Mining  Engineers,  vol.  15,  part  2  (1910). 
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J.  M.  Newman  and  G.  F.  Campbell  Brdwn.*  Reference  to  the  literature 
ahowB  a  wide  divei^ence  of  opinion  concerning  ita  geology  to  have  existed 
at  different  times. 

Summary  of  Opinions  on  Genesis  op  Mount  Morgan  Ohbbodt 

The  fiiBt  examination  was  made  by  R.  L.  Jack,  as  geologist  tat  the 
Queensland  Government,  in  1884,  and  he  came  to  a  conclusion,  from  the 
Rt  Q 


L  PI 
FiQ.  2. — QuARTZ-PoRPHTRr  OF  TBB  CoupoBiTXON  or  QnAmx-DioBrrE  ob  Qtfakti- 
MONZONTTE,  WITH  A  GitoirND-MASs  or  Fine  Gsanui.ab  Secondabt  Qdabiv,  Cblo- 
Bim,  Leucoxbnk,  akd  Heiutitx.  Plaqtoclabe  akd  Qoabts  Maks  Up  thr  Phkno- 
CRTOTs,  AND  Patches  of  Pyroxene  are  Common.  The  Lattek  has  been  Pabtlt 
Altsbbd  to  Chlobitb  and  Epujotb.    Crossed  Nicolb.     X  24. 

evidence  then  available,  that  nothing  but  a  thermal  spring  in  the  open 
air,  or  geyser,  could  account  for  the  formation  of  the  orebody.  In  1891, 
Walter  H.  Weed  of  the  United  States  Geologicfd  Survey  was  asked  by 
Mr.  Jack  to  examine  and  compare  a  suite  of  specimens  from  the  mine 
with  the  siliceous  sinters  of  the  hot  spring  region  of  Yellowstone  Pail. 
Weed  came  to  a  similar  conclusion,  citing  the  Steamboat  Springs  of  Nev* 
ada,  which  have  long  been  known  to  be  surrounded  by  depoats  of  sinter 
in  fissures  of  which  ore  deposition  is  taking  place. 

T.  A.  Rickard,  after  an  examination  of  the  mine  the  same  year,  sum- 

'Loc.  cU.,  pu.  439  to  470. 
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marued  the  various  views  held  up  to  this  time  as  follows:  1.  Th&t  the 
deposit  is  one  of  a  geyser  (R.  L.  Jack,  1884).  2.  Thai  it  is  an  auriferous 
xone  traversed  by  a  series  of  quartz  veins  of  auriferous  muiidic  (gold- 
bearing  pyrite)  (J.  MacDonald  Cameron,  1887) .  3.  That  it  is  the  decom- 
poeed  cap  of  a  large  pyrite  lode.  (The  view  held  by  several  local  and 
other  mining  engineers  at  the  time  of  his  examination.) 

Mr.  Rickard  dismissed  the  geyser  theory  as  an  altogether  local  appear- 
ance, based  as  it  was  on  a  small  open  cut  which  showed  a  fan-shaped 
Q 


Ao  Q 

FiQ.  3. — QnARTz-PoBPHTRT.  Thebb  18  A  Stronq  Dbtelopment  of  Actinolite 
AMOMO  THK  Shall  Grains  or  Sbcondart  Qvabte  Which  Makes  Up  the  Ground- 
Mabs,  Pbobablt  a  Result  of  Proxiiutt  to  the  Basaltic  Rock^.  Leucoxkne 
(White  and  Opaque,  Hence  Dark)  ib  Abundant.  PHBNocRYBTa  of  Quarts,  and 
Ground-Mass  Larqelt  Secondary  Quartz.  Liuonite,  as  Evidence  of  Weathsr- 
INO,  Occurs  Dibbeionated  and  alono  Fracjtdrbs.    Crossed  Nicols.     X  24. 

arrangement  of  ore,  and  his  own  explanation  of  Mount  Morgan  was,  that 
it  "represents  an  altered  portion  of  shattered  country  rock,  which,  by 
reason  of  its  crushed  condition,  was  readily  acted  upon  by  mineral  solu- 
tions, and  that  these  solutions  replaced  the  basic  and  feldspathic  with 
acidic  and  quartzose  material  which  was  also  gold-bearing. " 

The  geyser  and  replacement  theories  were  later  reviewed  by  Dr. 
Frank  D.  Adams  of  McGill  University  with  an  interesting  account  of 
the  discovery  and  subsequent  history  of  the  mine.  But  by  1899,  the 
reaching  of  depths  below  the  zone  of  oxidation  revealed  data  which  did 
not  agree  with  some  of  these  earlier  conceptions. 
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Many  different  names  and  origins  have  also  been  assigned  to  the  rocks 
of  the  (Uetrict.  Metamorphism  was  supposed  by  some  to  have  trans- 
formed  original  sedimentary  rocks  into  the  present  ones,  which  are,  as  is 
generally  stated,  difficult  to  distinguish  from  igneous  rocks.  The  sup- 
posed graywacke,  quartzites,  and  shales  of  sedimentary  origin  are  now 
known  to  be  igneous  or  derived  from  igneous  rocks.  There  are  no  true 
sediments  near  the  mine  except  those  to  the  northwest  of  it,  which  overiie 
Ch 


Cpy  Ch 

Fio.  4. — Obb,  Showing  Ptritk  and  Cbalcoptrith  with  Cbloritk  ir  Oamovi 
OF  QuABTz,  THE  Chlorite  within  Ain>  abound  thh  Sut-phides,  AUi  T&ru  Ap- 
PXARINO  TO  OccuFT  THB  Sfaces  akd  Channblb  between  thb  Quartz  Gbaixs. 
SOMB  SuAu.  Green  Nbbdi^-like  Grtstai^  Not  Plainly  Seen,  abk  Pbwablt 
AcTiNOLiTE.    Plans  Light.     X  24. 

the  very  latest  of  the  intrusive  masses.  These  sediments  are  Lower 
Mesozoic  in  age  and  consist  of  conglomerates,  fireclays,  and  sandstones, 
with  a  possible  bed  of  volcanic  ash  or  tuff.  No  specimen  of  the  latter 
material  was  available,  so  this  point  could  not  be  determined. 

The  notes  by  Newman  and  Brown,  and  by  G.  S.  Hart,  in  the  Ttom- 
actions  of  the  Australasian  Institute  of  Mining  Engineers,  from  whoee 
maps  and  descriptions  the  field  relations  are  taken,  represent  the  most 
recent  published  work  on  the  mine. 

It  is  hoped  the  additional  facts  here  set  forth,  from  microscopic  study, 
may  be  of  assistance  in  solving  the  problem  of  the  origin  of  its  ores,  M 
well  as  give  additional  information  concerning  the  associated  rocks. 
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In  Borne  caaes  the  names  of  rocks  have  been  changed  to  more  nearly  fit 
their  mineralogy  and  textures  aa  revealed  in  thin  section,  the  names  here 
given  according  with  the  American  usage.  Acknowledgments  are  due 
the  authors  of  the  above  papers,  to  Mr.  Magnus  for  specimens  and  notes, 
and  to  Dr.  Charles  P.  Berkey  of  Columbia  University  for  hifl  kindly 
assistance  in  the  laboratory. 


Py 
Fid.  S.^Obe,  Sbowinq  Relation  op  Chlorite  to  the  Sulphideb,  and  Dibtbibu- 

TION  OF  THE  FtRITB    AND   GhALCOFIRITE    WITH   THE  CHLORITE  ALONS  THE  VKINLETS 

AND  Spaces  in  ths  Quartz.    Plane  Light.     X  24. 

Description  op  Micrographs 
The  accompanying  geologic  map,  Fig.  1,  wUl  make  clear  the  general 
relationship  of  the  Mount  Morgan  rocks,  and  with  this  in  mind,  the 
descriptions  follow  in  the  order  of  their  relative  geologic  age. 
Key  to  Minerals  in  Photomicrographs 


Ac 

=  Actinolite 

L 

=  Leucoxene 

Ap 

=  Apatite 

Li 

=  Limonite 

Aug 

=  Augite 

M 

=  Magnetite 

C 

=  Carbonate 

PI 

=  Plagioclase 

Cli 

=  Chlorite 

Px 

=  Pyroxene 

Cpy 

=  Chalcopyrite 

Py 

=  Pyrite 

Hb 

-  Hornblende 

Q 

=  Quartz 

11 

=  Ilmenite 
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Quarle-Porpkyries  and  Ore 
These  rocks  are  grayish  green  and  porphyritic  with  a  fine-grained 
ground-mass  and  scattered  irregular-shaped  crystals  of  quartz.  Two 
photomicrographs,  Figs.  2  and  3,  show  them  in  thin  section.  Plapoclaae 
is  the  predominant  feldspar  and  ilmenite  is  the  chief  accessory  mineral. 
Secondaiy  development  of  quartz,  actinolite,  chlorite,  epidote,  kaolin, 
leucoxene,  and  hematite  is  a  very  pronounced  characteristic.    Later 


Fig.  6.— Ore.    Poli'^hed  Section  tJaowiNO  Dibtribdtion  or  Pyrit*  amd  Chu-- 


Chalcoitiute.  Tbe  Minsrals  abb  Dibsbminated  as  Rbflackuents  i 
Quartz,  as  well  as  DisnuBiTTED  Along  thb  Veinlbts  and  C&annsl  Bktwkbn 
THS  Quartz  Grains.  Both  Sulphides  Appear  to  have  bbbn  Dhpobited  at  thi 
Same  Tihe.    Reflected  Light.     X  24. 

changes  have  developed  some  limonite,  which  is  probably  derived  from 
pyrite,  though  occurring  chieSy  along  fractures.  Other  fractures  appear 
in  the  slides  which  are  still  more  recent  than  these. 

The  belt  of  quartz-porphyry,  which  is  the  oldest  of  the  rocks,  is 
peculiar  on  account  of  the  fact  that  the  pheaocrysts  in  it  seem  tohavebe«n 
subjected  to  a  certain  amount  of  primary  fracturing.  This  would  indi- 
cate that  their  original  matrix  had  become  somewhat  viscous  before 
movement  within  the  mass  entirely  ceased,  although  all  evidence  of 
flow  structure  in  the  matrix  or  ground-mass  has  since  been  obliterated, 
if  ever  developed.    Specimens  of  the  unaltered  rock  would  undoubtedly 
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tell  this.    Nevertheless,  its  general  heterogeneous  nature  suggests  that 
it  was  ongioally  a  surface  flow  or  large  extrusive  mass. 

The  quartz-porphyry  within  the  boundaries  of  the  ore  deposit  has 
been  thoroughly  silicified,  and  this  gray  quartzose  material  is  streaked 
with  veinlets  and  bands  of  pyrite  and  cbalcopyrite.  The  original 
structure  of  the  rock  is  only  sUghtly  preserved  and  Figs.  4  and  5  will  show 
it  to  be  replaced  by  aggregates  of  quartz  grains  of  irregular  size  and  shape. 


Fia,  7.^*)-CAi,LBD  Vabioutb,  a  Marginal  Phabx  of  ths  Quabte-Poephtbt, 
Madk  Up  of  SacowDART  Quartz  and  Actinolite.  Tbb  Apparbnt  Pbccuar 
SpHSBUunc  Structurs  Shown  in  tbb  Fhotuoraph  is  a  Secondary  Dbtblop- 

HBNT.      A,    ACTTNOLITE   IN    PiBROnS    PATCHIIS   BoRDERINO  THE  FiNB  QuASTZ  AOORB- 

oATEs.  B,  Fins  Seconsabt  Quartz.  C,  CoMtSER-aaAiNED  NtJCi.Eus  of  Sbconsart 
Quartz.    Crobbbd  Nicolb.     X  24. 

Veinleta  occur  which  include  chlorite  and  the  sulphides.  The  banded 
nature  of  the  secondary  quartz  is  also  apparent.  The  interior  struc- 
ture of  the-quartz  grains,  their  outline  and  irregular  shape,  features  which 
are  not  brought  out  clearly  except  under  creased  nicols,  suggest  the 
replacement  of  porphyritic  material. 

The  photograph  of  a  polished  section  of  the  ore,  Fig.  6,  shows  the 
distribution  of  the  pyrite  and  cbalcopyrite.  The  minerals  occur  partly 
disseminated  as  small  crystalline  aggregates  in  the  quartz  mass  and 
partly  concentrated  along  veinlets  and  channels  between  the  quartz 
grains.  They  appear  to  have  been  deposited  simultaneously,  though 
somewhat  later  than  the  period  of  silicihcation  of  the  quartz-porphyry. 
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The  chlorite  occurs  within  and  around  the  sulphides  as  patches,  and 
possibly  actinolite  along  with  it  as  needles,  occupying  with  the  sulphides 
the  spaces  and  channels  between  the  quartz  grains.  The  chlorite  is 
believed  to  have  formed  from  the  ferromagnesians  of  the  original  rock, 
incident  with  its  silicification,  and  to  have  had  some  influence  on  the 
precipitation  of  the  sulphides.  As  a  mineral,  it  is  too  universal  an  altera-  . 
tion  product  to  have  a  more  direct  significance.  The  actinolite  will  be 
discussed  later  in  connection  with  the  associated  rocks. 


Py  PI       Hb 

Fio.  8. — Qtjahtz-Diorite,  Ttpicallt  Granitoid  in  Texture  and  Madb  Up  or 
iNTERLOCKiNa  Grains  of  Plaoioclasb,' Quartz,  and  Hornblende.  Ilusnttb  «md 
Apattte  are  AccEBSORr  Minerals.  Pyritb  Occurs  in  the  Rock  and  mat 
PosssLT  BE  pRiMART,  AS  It  Dohs  Not  Appear  TO  Cdt  THE  Othkr  Crtstaia 
Plans  Light.     X  24. 

A  peculiar  marginal  phase  of  the  quartz-porphyry  has  been  developed 
at  the  northeast  edge  of  the  orebody  near  the  dikes  for  which  the  name 
variolite,  see  Fig.  7,  has  been  suggested  on  account  of  its  peculiar  spheru- 
htic  structure.  But  variolite  is  a  variety  of  basaltic  glass.  The  apparent 
spherulitic  structure  here  is  merely  a  peculiar  secondary  development  of 
quartz  and  actinolite. 

The  Quarlz-Diorite 

The  granite,  on  account  of  the  predominance  of  plagioclase  feldspar, 
is  best  termed  a  grano-diorite  or  quartz-diorite.    It  is  a  speckled,  greenish* 
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gray  and  white  rock  showing  abundant  hornblende  and  plagioclase,  with 
qiiartz,  in  large  interlocking  grains.  It  shows  some  slight  fracturing,  and 
KOiial  growth  of  plagioclose.  The  feldsparisbasic in  composition,  probably 
labradorite,  and  comparatively  free  from  alteration.  Some  carboniza- 
tion  is  observable  in  the  feldspar,  and  the  hornblende  is  largely  changed 
to  chlorite.  Umenite  and  apatite  are  accessory  minerab,  some  of  the 
apatites  being  2  to  3  mm.  in  length.  Fyrite  occurs  in  the  rock  and  may 
possibly  be  primary,  since  it  does  not  appear  to  cut  structures  in  the  other 
minerals  to  any  considerable  extent  (see  Figs.  8,  9,  and  10). 

PI  Q 


The  "Old  Basic" 

This  body  is  intnieive  into  the  quartz-porphyry  as  laccoliths  and 
numerous  steep  and  inclined  dikes.  It  is  a  dark  gray  felsitic  rock, 
weathering  on  its  surface  to  a  whitish  limonite  coating.  Though  felsitic, 
it  dow  have  a  few  very  small  feldspar  phenocrysts  (see  Figs.  11  and  12). 
The  rock  is  composed  of  small  criss-crossed  columnar  crystals  of  plagio- 
clase  with  some  larger  irregular  grains  of  the  same  mineral.  All  are 
surrounded  by  pale  green  actinolite  and  chlorite,  derived  from  altered 
pyroxene,  and  small  grains  of  magnetite  are  scattered  through  the  mass. 
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Quartz  is  present  in  small  grains  but  is  very  largely  of  secondary  origiii. 
Small  and  sparse  crystals  of  pyrite  occur  associated  with  patches  (rf 
chloritic  material  and  actinohte.  The  heavy  iron  content  in  magnetite 
attests  to  the  basic  character  of  the  rock,  the  magnetite  having  also 
resulted  from  the  alteration  of  the  pyroxene.  Evidently  the  ferro- 
magnesian  minerals  were  unstable  under  conditions  which  did  not  affect 
the  feldspars.  The  rock  is  an  unusual  type,  though  composed  of  common 
minerals,  and  may  be  called  an  ande^e  basalt. 


FiQ,  10. — This  Photosiicrooraph  is  Similar  to  Fio.  8.  It  Shows  ABOWDAin' 
Plaoioclabe,  Quartz,  and  Hornblendd.  MAONXTrrE,  Pobsiblt  lufsirrn,  is  > 
Prouinbht  Accessory  Mineral,  and  Apattte  Crtbtai^  of  Fairly  Good  Suk  abi 
Scattered  through  the  Rock.  Alteration  has  Attxcted  Most  or  -fta  Fbu>- 
spars  to  Soue  Extent,  Attackino  Theu  alonq  Structubb  and  Fbactobb 
Lines.    Plane  Light.     X  24. 

Fig.  13  Ulustrates  one  of  the  thin  sections  under  high  power,  and  shows 
very  clearly  the  small  fibrous  crystals  of  actinolite  associated  with  the 
magnetite.  As  above  stated,  the  actinolite,  and  probably  most  of  the 
magnetitej  is  regarded  as  a  metamorphic  derivation  from  the  original 
pyroxene  in  the  rock,  pseudomorphs  of  which  are  conmion  through  it. 
Pyrite  also  occurs  in  places  penetrated  by  crystals  of  the  actinolite,  tend- 
ing to  the  belief  that  this  mineral,  as  well  as  the  pyrite,  is  made  up  partly 


W.   B.   QABT  1737 

of  introduced  material.    However,  the  pyrite  may  have  formed  around 
the  actinolite  at  a  later  stage  without  replacing  it. 

Stope  Dike 

ThiB  rock,  Fig.  14,  belongs  to  the  older  dike  eeries.  It  is  dense,  black 
and  felsitic,  very  much  resembling  the  "Old  Basic,"  if  indeed  it  is  not 
the  same  rock.  It  includes  an  occasional  fine  patch  of  minute  pyrite 
crystals,  and  weathers  with  a  reddish  iron  stain.     The  structure  of  the 

Q  Ch 


FiQ.    11. — Andbbine  Basalt,    Showing    Pyroxene   Altered  to    Scattered 

AaQBXGATES  OF  MaONBTITS  WITH  ACTINOLITB  AND  CHLORITE.     FeLDSPAB  IB  PbOMI- 

NBNT  AND  Appears  to  have  been  thb  First  Mineral  to  Crtbtaluze.  Its 
Variett  is  Andesine.  Quartz,  Larqelt  Secondart,  ib  Present  as  Small  Grains 
Tbrouqhoct  the  Mabs.  Thoqoh  Coupobed  op  Coiuion  Minerals,  This  is  an 
Unubual  Ttpb  of  Rock.    Plane  Light.     X  24, 

rock  may  be  described  as  a  network  of  small  columnar  crystals  of  plagio- 
claae  and  fibers  of  actinohte,  filled  in  with  irregular  grains  of  quartz 
and  magnetite.  A  few  fine  fractures  appear  which  are  healed  with  chlo- 
rite. Pyroxene  was  an  original  mineral,  which,  together  with  the  feld- 
spar, has  been  largely  altered  to  quartz  and  actinolite. 

Dolerite  Dikes 

The  material  of  these  dikes  varies  slightly  in  composition  and  greatly 
in  texture,  some  being  diabasic  and  others  basaltic.    All  the  material 
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is  dark,  massive  and  more  or  less  felaitic.  Fig.  15  shows  the  diabase 
type.  It  IB  made  up  of  rounded  irr^pilar  grains  of  augite  in  a  plexus  of 
lath-shaped  crystals  of  feldspar.  The  feldspar  is  plagioclase.  The  au- 
gite graitiB  are  small  and  irregular  in  outline,  and  appear  to  fill  the  spaces 
between  the  crossed  crystals  of  plagioclase.  Alteration  has  chained 
a  considerable  portion  of  it  to  chlorite  and  actinolite,  part  of  which 
has  replaced  occasional  lines  and  twinning  bands  in  the  plagiodase. 
Alteration  has  also  changed  some  of  the  plagioclase  to  quartz.    Tias 


Fio.  12. — Same  Rock  as  in  Fia.  11.  The  Textuhh  le  Coabsblt  FBLsmcTO 
FoRFHTRiTic,  ANs  THE  Criss-crossed  Abranoeuekt  of  tee  Coloiinar  Placho- 

CLABE     CrSTALS     IS     APPARBN7.        THERE    ARE    A    FEW    PLAOIOCLABE    PbBNOCBTSTS 

Visible,  and  Maonetite  is  Distbibhted  THBonoBOnr.    Crossed  Nichoi^.     X  24. 

quartz  seems  to  have  been  derived  from  both  pyroxene  and  feldspar, 
being  penetrated  by  fibrous  actinolite  crystals  of  simultaneous  growth. 
However,  it  can  not  be  said  that  all  the  quartz  is  secondary,  for  in  the 
case  of  many  interstitial  grains,  the  traces  of  a  replaced  mineral  are  too 
slight  to  make  it  passible  to  say  it  existed. 

The  term  Dolerite,  as  used  on  the  map,  while  indicating  rock  of  this 
general  character,  does  not  sufficiently  emphasize  the  important  struc- 
tural feature  shown  in  the  arrangement  of  the  feldspars  in  this  particular 
specimen,  and  it  would,  therefore,  be  more  properly  called  Diabase.  The 
idiomorphtsm  of  the  feldspars  with  respect  to  the  pyroxene,  as  shown  by 
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Fig.  15,  is  also  a  distinguishing  characteristic  of  diabase,  along  with  their 
columnar  structure  and  crisscross  arrangement. 

Similarly,  for  textural  reasons,  the  dolerite  shown  in  Fig.  16  is  more 
properly  called  basalt.  This  material  is  a  more  felaitic  variety  of  the 
rock  composing  this  group  of  dikes.  It  seems  to  possess  the  same  general 
alteration  effects  except  that  the  quartz,  if  present,  is  not  visible,  which 
might  ai^e  that  the  quartz  of  the  other  basic  rocks  is  entirely  secondary. 
In  the  ground-mass  are  many  fine  rods  of  plagiodase,  but  as  a  whole  it 

Ao 


PiQ.  13.— Sake  Rock  as  Figs.  II  and  12.  The  Hiohbb  Power  Reveals  Small 
Fibrous  Cbtbtalb  of  Actinolitb  Associated  with  the  Maonetite.  The 
Qttabtx  and  pLAaiocLAaB  abb  Rather  Indistinct.  The  Actinolitb,  and  Pboba- 
BLT  MoBT  or  TBB  Magnbtiti!,  is  Believed  to  be  Derived  from  the  Brbakino 
Down  of  ORiaiNAL  Ptroxenb  Under  the  Action  or  Silicbods  Maomatic  Waters. 
Plane  Liobt.     X  267. 

is  finely  felsitic  and  the  rock  a  typical  basalt.     It  contains  some  pyrite, 
which  is  generally  taken  to  be  an  introduced  substance. 

The  rock  of  the  East  Dike  is  a  dark  massive  diabase,  shown  in  Fig. 
17.  Quartz  occurs  in  much  the  same  relation  to  the  crisscrossed  colum- 
nar pla^oclase  as  the  pyroxene,  and  because  this  quartz  may  be  partly 
primary  the  rock  might  well  be  called  a  quartz-diabase,  which  is  a  rather 
rare  rock.  In  this  original,  the  augite-pyroxene  and  plagiodase  have 
been^largely  changed  to  chlorite,  actinolite,  and  secondary  quartz.  The 
quarts  and  the  unaltered  pl^oclase  are  penetrated  to  some  extent  by 
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fibers  of  actinolite.    The  scattered  magnetite  is  probably  also  Becondary, 
and  pyrite  is  present. 

The  variation  in  texture  of  these  dike  rocks  is  munly  due  to  different 
rates  of  cooling,  occaaoned  either  by  the  influence  of  wall  rock,  which  may 
have  been  hot  or  cold,  or  by  the  thickness  of  the  dikes  themsdvea.  Thdr 
chemical  composition  must  also  have  exerted  a  strong  influence  on  the 
order  of  crystallization  of  the  minerals,  producing  the  tendency  to  idio- 
morphic  development  of  the  feldspar. 

Ch 


Q  n 

Fio.  14. — Qdarti-Babalt,  a  Fblsitic  Complkx  op  FLAQioci.AaB  and  Pthoxbki 
Which  has  been  Pabtlt  Altered  to  Quabtz,  Actinoutb,  and  MAaNBrm,  Leav- 
ing Oni^y  a  Shall  Pakt  of  the  Plaoioclase  Intact.  Part  of  thk  Qcabti,  How- 
ETKR,  Appears  to  be  Obiqinal.  Abundance  or  Maqnetitb,  Part  or  Which  a 
Also  Pbiu&bt.    Small  Carbonatb  Vein.    Plane  Light.     X  24. 

SUMBtABT 

It  will  be  Been  from  the  descriptions  above  that,  aside  from  the  quarts- 
porphjny,  the  principal  rocks  associated  directly  with  the  ore  are  basaltic 
in  character.  They  contain  quartz,  part  of  which  I  judge  to  be  primary 
and  part  secondary.  Magnetite  is  widely  distributed  and  appears  to 
have  resulted  in  large  part  from  the  breaking  down  of  the  original  ferro- 
magnesian  minerals.  The  rocks  have  undergone  great  change,  but  do 
not  appear  to  have  been  much  affected  by  superficial  weathering. 

The  strong  development  of  actinolite  in  all  the  speoimens  indicate! 
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either  the  alteration  of  pyroxene  and  plagioclase  by  Bolutions,  or  their 
change  to  a  more  stable  mineral  under  conditions  of  regional  metamor- 
pbism.  The  first  ia  more  probable,  since  there  ifl  not  the  slightest  evi-  . 
dence  of  metamorphism  in  the  surrounding  gran<niiorite.  The  pyrite  in 
the  basic  rocks  appears  to  be  later  than  the  actinohte,  but  as  a  whole  is 
probably  associate  with  the  same  period  of  alteration  by  hot  solutions, 
the  phenomena  of  expiring  vulcanism.  It  is  not  known  whether  this 
pyrite  contains  gold  or  copper.    In  reepect  to  the  actinolite,  it  is  not 


PI 
Fta.  15. — A  Diabase  with  the  CHARACTBEieTic  Texturb.  The  Adqite  Gkains 
ABB  Shall  and  Lobsgulak  in  Outline.  Much  of  thb  Pthoxbne  has  been 
Chanobd  to  Cblorite  and  boue  Aithnolitb.  Twinning  or  the  Coluhnab 
FLA4H0CI.ASE  Crybtals  can  be  Seen.  The  Quartz  ib  Frobablt  Dbbivbd  pbou 
BOTH  THE  Ptboxenb  and  Fbldspab,  Being  Penetrated  bt  Fibhoits  CRTaTAL.a  or 
AcTiMOLiTH  or  Siuui/TANEous  Growth.  The  Name  Doleiutb  is  ab  Good  a  One 
A9  Ant,  BUT  THE  UsAOB  Varies  Auonq  PaTRoaRAPHBits.    Crossed  Nicols.     X  24. 

possible  to  say  that  the  alteration  is  due  to  direct  igneous  influence;  but 
because  actinolite  is  generally  regarded  as  a  high-temperature  mineral 
there  is  the  possibility  of  regarding  it  in  much  the  same  hght  as  tourma- 
line, on  the  presence  of  which  in  the  volcanic  copper  deposit  at  Braden, 
Chile,  the  primary  character  of  the  deposit  waa  regarded  as  certain. 

The  quartz  in  general  seems  also  to  be  a  result  of  metamorphic  action 
on  the  plagioclase  and  pyroxene,  penetrated  as  it  is  by  the  contemporane- 
ous crystals  of  actinolite.  Part  of  the  quartz  in  the  dikes,  however, 
must  be  pnmuy,  as  the  sharp  outline  of  some  of  the  interstitial  gr^ns 
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involve  difficulty  in  conceiving  the  replaced  original  if  these  particular 
quartz  grains  were  secondary.  Hence  the  basic  rocks  might  wdl  be 
called  quartz-basaltB  and  quartz-diabases,  which  rocks  are  rather  rare 
occurrences. 

The  grano-diorite  or  quartz-diorite  intrusion  shows  some  evidence  of 
superficial  weathering,  but  otherwise  no  alteration,  and  is  considered  a 
fairly  fresh  igneous  rock.  Pyrite  is  present  in  it,  and  the  more  altered 
character  of  the  rock  near  the  quartz-porphyries  has  led  to  the  belief  that 
its  intrusion  had  something  to  do  with  the  formation  of  the  ores. 

Aug 


Fio.  16. — Bajsalt,  a  More  Finely  Fblsitic  Vabibtt  op  the  Fokkooino  Roces, 
BUT  CoNTAiNiNo  Shall  Scatteb£d  Phbnocribts  or  Plaoioclasb.  In  the 
Gbodnd-uass  thbrb  are  Mant  Little  Finb  Rods  of  Flaoioclase.  Qcarti,  if 
Frbsent,  IB  NOT  Visible.    Plamb  Lioht.     X24. 

The  quartz-porphyries  are  thought  to  be  such,  rather  than  volcanic 
tuffs,  because  they  contain  no  material  foreign  to  the  composition  of  a 
crystalline  igneous  rock,  except  the  secondary  quartz.  By  this  quartz, 
however,  these  rocks  are  almost  entirely  replaced,  the  ground-mass  com- 
pletely so,  and  on  this  account  their  appearance  under  the  microscope  doee 
somewhat  resemble  that  of  siliceous  sinter.  From  the  specimens  exam- 
ined and  the  mapping  of  this  mass  as  quartz-porphyry,  jasper,  etc.,  its 
heterogeneous  character,  as  of  acid  extrusive  rock  in  general,  is  apparent. 
One  of  the  specimens  is  a  rhyolitic  porphyry  and  another  dacitic,  and  the 
structure  of  both,  as  already  described,  also  suggests  that  the  mass  is  an 
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ancient  surface  flow  of  large  extent.     The  later  intrusions  of  quartz- 
diorite  and  the  basic  rocks  have  further  altered  ils  local  character. 

In  regard  to  the  sequence  of  the  different  igneous  masses,  it  seems  most 
reasonable  from  this  study  to  put  the  "Old  Basic"  later  than  the  grano- 
diorite  and  of  the  same  age  as  the  Stope  Dike.  No  very  strong  structural 
evidence  to  the  contrary  is  shown  on  the  map,  as  the  two  apparent  in- 
trusions of  grano-diorite  into  the  "Old  Basic"  on  the  western  and  south- 
ern borders  of  the  minerahzed  area  may  just  as  well  be  interpreted  as 


Q  -Vug 

Fia.  17. — Orioim.*!.  Quartz-Diabase  in  Which  the  Aihjite  and  Plagioclake 

HAVE  BEEN  LaRQELT    ChaNOGD   TO  CHLORITE,  AcTINOLITB,  AND  QuABTZ.      THE  DlA- 

BABic  Texture  is  Evident,  Pyroxexe  and  Chlorite  Fobuinq  a  Killino  between 
THE  Crossed-^Colummar  Crystals  of  Plaoioclasb,  Actinolitb  Needles  Pene- 
trate the  Quartz  Which,  However,  in  Such  a  Basic  Kock,.  muht  be  Largely 
Secondary.     Plane  Light.     X  24. 

intrusions  of  "Old  Basic"  around  spurs  of  the  grano-diorite,  and  the 
petrographic  evidence  we  have  in  addition  is  very  strongly  in  favor 
of  placing  the  "Old  Basic"  in  the  same  age  relation  to  the  grano-diorite 
as  the  two  systems  of  basic  dikes  which  cut  it.  AU  the  basic-rock  types 
show  too  marked  a  mineralogical  and  textural  similarity,  even  in  the 
character  of  their  alteration,  to  be  divided  into  two  periods  of  intrusion 
by  another  rock  of  opposite  character,  the  grano-diorite.  However, 
such  occurrences  are  not  unknown  in  the  history  of  rock  magmas. 
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According  to  this  interpretation,  the  relative  ages  of  the  different 
masses  are  as  follows: 

FormAtion  Rock  Name 

9.  Sedlmentaries — Mesozoic. 
8.  Faults. 

7.  "East"  Dike  (Dolerite).  Quartz-diabase. 

6.  "North"  and  "South"  Dikes  (Diabase).  Quartz-basalt. 

5.  Andesite  Dikes. 

4.  "Old  Basic,"  "Stope,"  "East  and  West"  and  "Cross"        Andesine-  and  quartz- 
Dikes,  basalt. 
3.  "Plat"  Dike.(7) 

2.  Granite.  Quartz-diorite. 

1.  Porphyry.  Quartz-porphyry. 

The  ore  is  of  granular  secondary  quartz  containing  pyrite  and  chalco- 
pyrite  with  chlorite  and  actinolite,  a  highly  silicified  phase  of  the  quartz- 
porphyry.  No  evidence  of  a  brecciated  or  crushed  zone  appears  in  any 
of  the  slides  studied.  The  enrichment  has  been  derived  from  magmatic 
solutions,  and  there  is  no  reason  to  believe  that  the  pjnite  and  chalco- 
pjrrite  were  deposited  at  different  times.  The  more  abundant  occurrence 
of  the  sulphides  along  spaces  or  channels  between  the  grains  of  quartz, 
and  in  bands  or  streaks  through  the  gangue,  seems  to  indicate  that  they 
were  deposited  shortly  after  the  quartz  replacement,  rather  than  at  the 
same  time.  The  associated  chlorite  and  actinolite  seem  to  have  been 
derived  mainly  from  the  ferromagnesians  of  the  original  quartz-porphyry 
during  the  period  of  replacement  by  quartz. 

The  chlorite  seen  in  the  ore  is,  as  stated  before,  believed  to  have  no 
important  significance,  but  referring  to  Figs.  2  and  3,  the  strong  develop- 
ment of  actinolite  in  the  surrounding  quartz-porphyry  is  believed  to  be 
closely  associated  with  the  sulphide  mineralization.  If  such  is  the  case, 
the  presence  of  this  mineral  in  the  basic  dikes  might  imply  that  they 
had  to  do  with  the  enriching  solutions  rather  than  the  earlier  grano- 
diorite  intrusion,  as  actinolite  is  a  metamorphic  mineral  formed  either 
as  a  result  of  hot  water  action  or  of  direct  igneous  metamorphism.  It  is 
not  uncommon  to  find  it  at  the  contact  of  basic  with  quartzose  rocks, 
as,  for  instance,  near  the  periodotite  dikes  in  the  Franciscan  sandstone 
of  California,  which  formation  itself  is  highly  metamorphosed. 

It  might  be  noted  here  also  that  many  gold  deposits  are  associated  with 
basic  rocks,  and  the  further  structural  fact  can  not  escape  attention  that 
the  ore  deposit  here  occurs  near  the  intersection  of  two  systems  of  basic 
dikes.  Hence,  to  say  the  mineralization  was  contemporaneous  with 
these  dikes  seems  a  closer  correlation  of  the  data  than  to  associate  it  with 
the  earUer  grano-diorite,  for  there  are  numberless  other  points  in  the 
quartz-porphyry  near  the  grano-diorite  contact  where  enrichment  might 
have  occurred  and  did  not  do  so. 
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500  TONS  PER  DAY 
WITH  10  "JACKHAIVIERS" 

This  is  the  record  of  the  Prince  Consolidated  Mine  of  Pioche,  Nev.,  work- 
ing in  ore  that  is  very  soft  and  sticky— iron  manganese  alternating  with 
limestone  and  shale. 

This  Mine  is  operating  entirely  with  "Jackhamer"  Drills. 
The  "Jackhamer"  is  conceded  to  be  the  most  convenient  type  of  Drill 
for  all  classes  of  work  where  a  hand  held  machine  can  be  used.     Being 
light  in  weight,  it  is  easily  handled — rotates  its  own  steel — raising  the 
production  average  per  man.     The  automatic  hole  cleaning  device  keeps 
the  hole  dear  and  enables  rapid  drilling  to  be  done. 
A  great  many  mines  have  found  the  "Jackhamer"  so  convenient  and 
efficient  that  they  are  applying  it  to  practically  all  classes  of  work — 
shaft  sinking,  drilling  out  benches,  digging  ditches,  cutting  hitches  and  for 
drifting  and  driving  tunnels  in  the  convenient  "Jackhamer'  Mounting. 
Write  for  BuUelin  4221  and  lit  us  tell  you  hom 
you  can  "Jackhatmr"  your  rock  to  advantage  t%-Ji> 
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INDUSTRIAL  SECTION 


Shooting  Soot  from  Stacks 

In  the  DuFont  magazine  of  June,  1916,  S.  R.  Russell  describes  a 
method  of  cleaning  large  smoke  or  kiln  stacks  which  he  calls  "simple, 
economical  and  most  efficient"  and  which  he  says  can  be  used  in  either 
lined  or  unlined  stacks,  brick  or  steel,  without  fear  of  injury  to  the  stack 
OT  lining.     He  gives  the  following  specific  directions: 


'^=^ 


"The  gun  can  be  made  out  of  an  old  piece  of  shafting  about  4  in.  in 
diameter  and  14  to  16  in.  long.  Bore  a  hole  1^^  in.  in  diameter  and  10  in. 
long  in  the  center  of  the  piece.  Then  bore  a  small  horizontal  hole  J-i  in. 
in  diameter  through  the  piece  to  the  bottom  of  the  center  bore.  This 
hole  serves  as  a  touch  hole  for  inserting  the  fuse. 

"  The  whole  thing  can  be  mounted  on  a  pedestal  about  6  in.  in  diame- 
ter so  that  it  will  stand  in  an  upright  position. 

"The  method  of  operation  is  as  follows:  Pour  some  FFF  Blasting 
Powder  into  the  mouth  of  the  cannon  to  about  2  in.  from  the  top.  Tamp 
to  the  collar  with  dry  clay.  A  short  piece  of  fuse  is  inserted  in  the  touch 
hole  and  in  contact  with  the  main  powder  charge.  Open  the  flue  door 
at  the  bottom  of  the  stack,  set  the  cannon  on  the  bottom  and  in  the  center 
of  the  stack,  light  the  fuse  and  close  the  flue  door. 

"The  explosion  shakes  and  loosens  the  soot  adhering  to  the  sides, 
causing  it  to  fall  to  the  bottom.  It  can  then  be  removed  through  the 
flue  opening. 

"A  charge  of  8  in.  of  FFF  Powder,  1?^  in.  in  diameter,  is  sufficient 
for  a  stack  up  to  100  ft.  high,  and  4  ft.  in  diameter,  or  over.  The  number 
of  shots  necessary  to  clean  a  stack  thoroughly  depends  upon  its  condition. 
Ordinarily  three  or  four  shots  will  clean  a  stack,  but  if  very  dirty  it  may 
require  more.  The  size  of  the  charge  and  length  of  the  cannon  can  be 
regulated  to  suit  the  height  and  diameter  of  the  stack." 

<2)  [MfdtloD  thia  DcTLLniH  when  •rrillnf  adnrtlHn.) 
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word!  to  tell  ill 

Duxbik  to  protect 
tioiuandiemmdrou 
>elliinh»  perfectly 

DcJDg  ttory  ia  three 
t»lt/dk  men. 

■■yon« 
part  com« 

Ihulwk 

after  you've  and  it  ■  whi 

Dx^k 

»L<l..C..LIM.U<i(H.»- 

....S-Fn 

...[.<» 

BnnchM  iB  all  Uri«  dtlM :    BMttla,  jos  Pint  A 

anna,  So. 

30-38  Ferry  5t^  New  Yorti  CWy 


Danvar,  1731  Anpaboe  StrMl. 


BEER,  SONDHEIMER  CSt.  CO. 


Incorporated 


NEW   TOKK 


61    BROADWAY 


Zbc  Orci,  Cutwnfttet,  Stilphlde*  tod  Hind  Ores,  Capper  On*, 
Copper  If  ktta.  Copper  BnlUon,  Le»d  BdUim,  LcmI  Otm,  Anti- 
mony Oree,  Iron  ud  Mangueae  Ore*,  Copper,  Spdt«t,  Antimoor, 
Antlioonial  Lead,  Sulphate  of  Copper,  Anenici  Zinc  Diut. 

Own  Smelting  and  Refining  Work* 


DORR 


CLASSIFIERS 
THICKENERS 
AGITATORS 


WrittjoT  Catalogs  J  and  7 
THE    DORR    COMPAINY 


ENGINEERS 


NEW  YORK 


The  Dorr  Cyanide  Machinery  Co. 

DENVER.  COLORADO 

IMantlm  tUa  BdLLBTni  wfaea  mitbic  *d«erttHn.| 


LONDON,  E.  C 


BULLETIN,  A.  I.  M.  E.— INDUSTRLAL  SECmON 

Large  Uniflow  Engines  for  Youngstown  Sheet  &  Tube  Company 

The  manufacturers  of  the  Uniflow  engine  lay  particular  emphasis  upon 
its  special  efficiency  and  its  capacity  for  extreme  overloads  with  a  flat 
steam  consumption  curve. 

The  efficiency  is  due  to  the  reduction  of  the  loss  by  initial  steam 
condensation,  the  ends  of  the  cylinder  not  being  cooled  by  the  rush  of 
exhausting  steam,  since  this  flow  occurs  at  the  farthest  point  from  the 
ends,  through  the  ports  in  the  center  of  the  cylinder  which  are  uncovered 
by  the  piston. 

The  capacity  for  overloads  has  been  proven  by  tests  showing  that 
200  per  cent,  load  can  be  carried  with  only  10  per  cent,  increase  in  steam 
consumption. 

Uniflow  engines  have  been  installed  for  roUing  mills  in  Germany,  one 
of  the  largest  engines  on  record  having  a  tnaximmn  continuous  capacity 
of  6,300  hp.  and  a  short-duration  peak  load  capacity  of  8,000  hp.  The 
average  load  is  4,000  hp.  This  engine  is  installed  at  the  Rochlingschen 
Steel  &  Iron  Works  at  Volkingen,  built  by  Erhardt  &  Sehmer. 

A  second  engine  of  the  same  make  was  installed  at  the  Rombacher 
Iron  &  Steel  Works. 

In  this  coimtry  the  first  imiflow  engines  for  roUing  mill  work  are 
those  now  imder  construction  by  the  Nordberg  Manufacturing  Co.,  Mil- 
waukee, Wis.,  for  the  Youngstown  Sheet  &  Tube  Co.,  Youngstown,  0., 
the  larger  to  drive  a  12-in.  rod  mill,  the  smaller  a  9-in.  rod  mill.  The 
cyUnder  is  a  plain  cylindrical  casting,  all  valve  chambers  and  steam 
passages  being  contained  in  the  heads,  bolted  to  the  ends  of  the  cylinder. 
The  steam  valves  are  of  the  Poppet  type,  the  valve  cages  being  separate 
castings  groimd  into  the  heads  with  a  steam-tight  joint.  The  valves  are 
of  the  double-beat,  balanced  Poppet  type  and  no  packing  is  required  for 
the  valve  stems,  which  are  accurately  ground  and  polished  and  work  in 
ground  and  lapped  bushings.  The  valves  are  operated  from  lay  shaft 
by  a  releasing  valve  gear  with  spring  dashpots,  the  cut-oflF  being  imder 
control  of  the  governor  through  the  wide  range  of  loads.  The  steam 
enters  the  cyUnder  at  the  bottom,  sweeping  up  over  the  heads  and  jacket- 
ing them  before  entering  the  valve  at  the  top.  The  exhaust  is  through 
the  ports  in  the  center  of  the  cylinder  imcovered  by  the  piston  near  the 
end  of  its  stroke.  Relief  valves  of  the  Poppet  type  with  cataract  dampen- 
ing device  are  located  near  the  bottom  of  the  heads.  In  case  of  loss  of 
vacuum  and  over-compression,  these  valves  automatically  open  and  con- 
nect the  clearance  space  of  the  cylinder  with  the  steam  space  in  the  head 
and  the  communicating  steam  piping.  The  steam  conditions  will  be 
approximately  170  lb.  pressure,  75°  superheat,  and  20  in.  vacuum,  steam 
being  condensed  by  barometric  jet  condensers. 

The  larger  engine  is  44  by  50  in.,  110  rev.  and  will  have  a  capacity 
from  700  hp.  to  between  3,000  and  4,000  hp.  The  weight,  including 
110,000  lb.,  10-ft.  flywheel,  will  be  480,000  lb. 

The  second  engine  is  a  37  by  48  in.  at  110  rev.  and  its  weight,  including 
a  90,000  lb.  flywheel,  will  be  360,000  lb. 

(  4  )  [Mention  this  Buxxbthc  when  writing  adTertlMra.) 
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BULLETIN,  A.  I.  M.  E.— INDUSTRIAL  SECTION 
Wire  Rope 

Lescken'a  Hercyhs  of  June,  1916,  contains  the  following  interesting 
bit  of  information  about  the  use  of  wire  rope,  in  a  short  article  about 
recapping  rope  that  is  attached  to  a  cage  in  a  hoist,  or  to  cars  on  a  slope, 
by  the  ordinary  method  of  a  socket  fastened  to  the  end  of  the  rope  by 
spelter. 

The  wires  at  this  point  ultimately  become  crystallised,  as  the  vibra- 
.  tion  in  the  rope  comes  to  a  sudden  stop  at  the  socket,  and  the  moisture 
that  ia  likely  to  concentrate  around  the  socket  develops  int«nsive  corro- 
sion. 

The  Leschen  company  advises,  in  the  interests  of  safety,  that  at  least 
once  in  6  months  a  section  of  rope  next  to  the  socket  be  cut  off  and  the 
socket  re-attached  to  the  cable,  and  they  offer  to  send  illustrated  instruc- 
tions to  anyone  sufficiently  interested  to  make  inquiries. 

*  Trade  Catalogues 


The  Ingersoll-Rand  Co.,  has  issued  a  catalog  in  Spanish  under  the 
title  "Productos  de  la  IngersoU-Uand."  This  is  attractively  and  sub- 
stantially bound  and  contains  124  pages  replete  with  illustrations,  de- 
scriptive matter  and  tabulated  data. 

The  catalog  covers  completely  the  company's  line  of  air  and  gas  com- 
pressors, vacuum  pumps,  reciprocating  and  centrifugal  wat«r  pumps, 
rock  drilling,  metal  and  coal  mining,  prospecting  and  quarrying  machi- 
nery, and  pneumatic  tools  for  machine,  boiler  shop  and  foundry  work, 
and  it  ought  to  be  of  great  service  to  Spanish-speaking  users  of  pneu- 
matic machinery. 

(  6  )  IMutloB  tUi  BuLunM  whao  wiitlna  ulTBrtuuL] 
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DOES  YOUR  MILL  MAN  FORGET? 

ELIMINATE  HIMI 

TRAYLOR  ROLLS 


"FLEETING  ROLL" 

Eliminates  Ruinous 

Corrugations 

Tile  sliifttng  Device  is  always  on  the  GO.     Never  lets  (lie  roll  stop 
at  any  one  point  long  enough  to  have  Corrugations  get  a  foothold. 
AND  ITS  THE  SIMPLEST  THING  YOU  EVER  SAW 

SIX  (6)  PARTS  THAT  RUN  IN  OIL,  THAT'S  ALL 

Send  for  Bulletin  R-1  and  Succeaiful  Roll  Operation 

TRAYLOR  ENGIINEERIINO  &  MFG.  CO. 

ifBV  TORX  omci  MAIN  OFFICE  &  WORKS         vsaTBKH  omci 

JO  CH0BCH  ST.  ALLENTOWN,  PA.,  U.  S.  A.     ULT  LUUt  CITT,  ITTAH 

Sullivan  "DR-6"  Water  Hammer 
Drills  are  Rapid  Drillers 

Here  are  some  sample  reports: 

Arizona:  Drifting  iiard  sulphide  ore — average  drilling  speed 

6.Z  in.  per  min.  actual  drilling  time. 
British  Columbia:  7x9  drifts  in  quartz,  chert  and  sulphide,  iii  ft. 
drilled  318  min.  or  6.11  in.  per  min.     Increase  in 
speed  over  nearest    competitor,    26.2  per  cent. 
Alaska:    Annex   Creek    Tunnel,    1400    ft.    long, 
"l  9  X  8   ft.   in   hard,   coarse 
granite.    2  DR-6  Drills  put 
in  22  to  28  holes  per  round 
(6  to  9  ft.  deep)  in  4I4  to  5  hrs.  per  shift. 
Average  advance  per  month,  400  ft. 

Ask  for  Bulletin  870-C 

Sullivan  Machinery  Co. 

IZZ  S*.  MkbNiaa  Aw.  CHICAGO,  ILLINOIS 

lUadon  thk  Bin.Lanii  wbra  wrltiac 
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The  Sloian  of  the  Cameron— "CharacUr.     Tkt  Grandttt  Tktnit' 

There  Are  Two  Essentials  For  Pumps 

Hietr    efficiendes 
must  be  high — tbdr 
upkeep  costs  mint 
be  low — two  essen- 
tials that  are  spleo- 
didly  met  in  CAM- 
ERON CENTRIF- 
UGALS. 
The  high  efficieDcies  and  low  upkeep  costs  of  the  Cameroa  are  assured  by  the 
simplicity    of    design,    care    in    choosing    material    and    unusual    exactness    in 
manufacture. 

Note  the  horizontally  split  casing,  allowing  quick,  easy  access  to  all  working  parts. 
The  Multi-stage  Turbine  type  (illustrated)  may  be  driven  by  motor,  or  any 
available  motive  power. 

Get  your  pumping  done  at  the  least  expense  by  installiog  the  CAMERON. 
Bulletin  No.  151  ttOi  Ike  story  in  detaU.    It's  free. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

II  BROADWAV.  NEW  YORK  7-1-9  OHIcM  tiw  WarM  Over 


|M*DIIoa  thla  BtntMTm  irka  writiot  uWartlMn.! 
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SKULLS 

FROM    YOUR 

MATTE    and    SLAG    LADLES 


WILL  BE  QUICKLY  AND  EASILY  REDUCED 
BY  THIS  POWERFUL  MACHINE 

THE  McGregor  skull  breaker 

WILL  OFTEN  PAY  FOR  ITSELF  WITHIN  ONE  YEAR 
BY  THE  SAVING  IN  LABOR 

Allis-Chalmers  Manufacturing  Co. 

MINING  MACHINERY  DEPT.  MILWAUKEE.  WISC 

OK  ALL  CAHADUIT 
CARlUlIAir  ALU! 
OUT.,  CANADA. 

lUvBlloii  thla  Bnu-BIm  wboi  writtns  u 


^ 


A  DIRECTORY  OF  MINING  AND 


INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


HELLER  t  BmCHTLY 

Philadelphia,  Pa. 

mSTRUMSNT  MAKERS 

Mathematical^  Optical,  Engiiieeriiig,  Sunreying  and 
Astroiuniiical  Instmineiits. 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

P«ru.  III. 

SULPHURIC 

Mannfacturers  of   SPELTER,    SHEET   ZINC   aad 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


COAL 

AND 

METAL 

MINING 

MACHINERY 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 

^'Retam-Air"  Pumps,  Coal  Shearers,  Pnetimatic  Hoists, 
*«Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
**Calyx*'  Core  Drills,  Plug  DriUs,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


THE  JEFFREY  MFG.  CO. 

902  North  Fourth  Street,  COLXTMBUS,  OHIO 

Electric  Coal  Cutters  and  Drills;  Electric  and  Storage 
Battery  LocomotiTes;  Coal  Tipple  Machinery  indvcUng 
Elevatora,  ConToyers,  Picking  Tables  and  Loading 
Booms,  Car  Hauls,  Car  Dumps,  Screens,  Crushera,  Pul- 
verizers, Fans,  Hoists,  etc. 


LEAD  LINED  IRON  PIPE  CO. 

Wakoflold,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — ^for  Acids  and  Corrosive  Waters. 


A.  LESCHEN  t  SONS  ROPE  COMPANY 

St  Louis,  U.  a  A. 

New  Tori[        Chicago        Salt  Lakt        D«ttv«r       'Ssa  Wm 

Manufacturers  of  high  grade  Wire  Rope  lor  all  pur- 
poses, induding  the  celehrated  HERCULES  Red  Strand 
Wire  Rope,  and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Locked  Coil  constructions.  Aerial  Wire  Rope  Train- 
ways  for  economical  transportation  of  materiaL 


(12) 
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METALLURGICAL  EQUIPMENT 


THE  LUFKIN  RULE  CO. 

SagiiiAWy  MidL 

MEASURING 

Ti^es  for  absolute  acomcy  In  metsuremonts.    Send 

TAPES 

for  doicriptlTe  catalogoe. 

ROBINS  CONVEYING  BELT  COMPANY 


New  York 

Chicac*  Oflc« 


Z3-az  Perk  Row 

OldCotoayB'M^g. 

Maimfactiirers  of 
Belt  Conveyor*— Bucket  Elevators — Ore  Bedding  Sys- 
tems—Unloading, Stocking  and  Reclaiming  Towers  and 
Bridges — Conveyor  Anidliaiies. 

Write  for  Bulletins 


ROBINS 
CONVEYING 


MACHINERY 


JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N.  J. 

WIRE 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

ROPE 

agencies  and  branches  throughout  the  country. 

- 

p.  H.  &  F.  M.  ROOTS  CO. 

Connersvllle,  Ind. 

Mannfacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
lor  Catalogue. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

OAS 
EXHAUSTERS 


CHARLES  A.  SCHIEREN  COMPANY 

89  Ferry  Street,  New  York  . 

Manufacturers  of  SCHIBRBN*S  DUZBAK  WATER- 
teOOF  LEATHER  BELTING.  The  belting  is  water- 
proof and  chemical  proof,  perfect  in  material  and 
workmanship. 


WATERPROOF 
LEATHER 
BELTING 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  HL 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


|M«ntion  this  BuLLsmr  when  writinc  adyertlien.] 
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A  DIRECTORY  OF  MINING  AND 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  ft  MANUFACTURING  Ca 

Mala  OfflM  Mid  Works— AlltiitovB*  Fa. 

ir«w  York  Ofltoa,  Wwtam  Ofltot, 

to  Ohnreh  ttrMt  Salt  Laka  OHy 

Mutoftetimra  of  MHHNGv  lUIXIirG,  SMBLTIirG 
and  CRUSHING  MadiiiMnr.  TKATLORPmdaetafM- 
Qnalttj.    Onrgipft  Bagia— ra  f  at  joar  mwnk^ 


UNION  IRON  WORKS 

Newark  Street,  Hobokes,  N.  J. 

Derrick  attachment  lor  etcaratiiiff.   Doea  aame  work 
ateam  ahoTd  er  dipper  dredge  at  fraetion  cC  tiie 
Aak  ua  about  it. 


ORES 
AND 
ETALS 


L  V06ELSTEIN  ft  Ca 

42  Broadwa J  New  Tofk 

Bttyera,  anteltera  and  reflnera  cC  area  and  metala  cC  aH 

flatitMi 


AIILKMNrim 
HEaBIKItmT 

diL-wASiiM  ruRn 


ciiNBnr 

STEAI  IMMNTim 
VaTIUTM  WIS 


VULCAN  IRON  WORKS 

Wlikee-Barre,  Pa. 

Vulcan  Electric  Mine  Hoiats,  Steam  Hoiata,  fioiat- 
ing  and  Haulage  Engines,  Mining  Machinery,  etc 
Nicholson  Device  for  Prevention  of 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTIN6H0USE  ELECTRIC  ft  MFG.  CO. 

East  Pittsburgh,  Pa. 

THE  BALDWm-WESTINGHOUSE  ELBCTRIC  MINE 
LOCOMOTIVES.  For  foU  information  write  either  to 
above  address  or  THE  BALDWIN  LOCOMOTIVE 
WORKS,  Philadelphia,  Pa. 


AMMETERS 

AND 

VOLTMETERS 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

« 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circoits 
of  small  mine  plants. 

(14) 
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ADVANTAGES  TO  MEMBERS  OF  OUR  ADVERTISING  SECTION 


«•  idrwUMd  iB  U*  AwJlwi*.  U  nwnbtra,  la  b 
omX  oI  that  lutnUl  io  th*  5aM^  or  il  thiy  do  not  find  It  odrartiMd  is  tba  AuOriH,  wID, 
wboa  ordnlna,  tmk  tb«  mumfaetunn  why  thi  csod*  wu«  not  ndvcrtiMd  Id  th*  InstHnto 
pnbBMtion,  It  will  bo  of  iiut«im]  boaflt  to  >11  of  n*.  btemiim  th*  shlaf  nuon  -whj  aditrtiMn 
*r* iiB*bl*  to  tr*c*  dlioet  nmlta  1*  baouv*  |im»Tiiwii  do  mot  Di*Dtioa  th*  ffvlUte  whan  writini- 
fln^,  if  iDHDtwn,  wh«i  la  naad  of  ujthlDB  whktBanr,  will  writ*  to  th*  iDttitnt*  h**d- 
qnutB*,  ma  effort  wiU  be  made  to  aend  them  *  eompleto  lirt  at  muiutnetimrt  *bl«  to  inpply 
the  dedred  materiali  of  good  quiilty.  The  furaiihiDC  ot  thee*  Bet*  wiU  be  ■  bfO*Bt  to  our 
AdTirtUni  Deputmeat,  u  weU  u  Io  the  mimben.  We  need  M«nalr  eaO  atUatloB  to  th* 
*dTBiit*cea  obtaioed  bj  the  membere  l/om  th*  nioD*]i  which  wlnrtkiBi  bring*  In,  baoaun  a) 
thi*  moibey  ia  ntoraed  direetly  to  the  member*  in  one  form  or  another. 


L.  VOGELSTEIN  CS.  CO. 

43  BrMdwn  HEW  TORE 

BPTBRS,  SMELTBRS 
AUD    KEFimSRS    OF 

Ores  and  IVIetals  of  All  Classes 

SELLERS     OF     COPPER,     TIN,     SPELTER, 
ANTIMONY,     LEAD,     ETC. 


KUTTER'S 

TrnTJMTTT.A 
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PROFESSIONAL   CARDS 

ALOMDGt  WALTER  H. 

Hetalliirgical  Bncineer 
14  Wall  Btrtt                  NSW  TOBK 

HAMMOND,  JOHN  HAYS, 

Consulting  Engineer, 
71  Broadwmy,              NEW  YORK. 
Code:  Bedford-MeN^itt. 

BEATTY,  A.  CHESTER 

CMtulting  Mining  EnglnMr, 
71  BriMdwAy, 

NEW  YORK,  N.  Y. 

CabkAddms: 

firanttle. 

HANKS,  ABBOT  A. 

Cbemiet  and  Aeeayer 

EatabUshed  x866 

Control  and  Umpire  Aasajs,  Snpcrri- 
sion  of  Sampling  at  Smelters,  Chonical 
Analyses   of  Ores,   Minerals,   Minenl 
Waters,  etc. 

IM  SMnmato  8t    San  Fmnoisce,  Cal. 

BURCH,  H.  KENYON 

MecliaRlcal  aad  Mctallurgkal  EagiRcer 

Care  The  Sierra  Madre  Club 
L.  A.  InTestmeiit  Bldg. 

Lot  Angeles.  California 

Designer  and  Builder  of 
Power.  Hoisting.  Pumping. 
Crushing  and  Milling  Plants. 

Specialties:  Concentration  of  Ores, 

Economic  Handling  of  Materials 

LEDOUX  t  COMPANY 

A«s«y«rs  and   Samplars 
99  Jehn  Street              NEW  YORK 

Independent  Ore  and  Metal  Sampleti. 

Representadvea  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

CHANNIN6,  J.  PARKE 

CMsultliig  Engineer, 
6z  Broadway,              NEW  YORK. 

MYERS,  DESAIXB. 

Mining  Engineer 

321  Stoiy  Baflding          LOS  AIIOBLB8 
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PROPOSAL  FOR  MEMBERSHIP 


Mr. 


(Name  In  Full) 


Occupation. 


Address. 


is  hereby  proposed  by  the  undersigned,  as  a. 


of  the  American  Institute  of  Mining  Engineers. 


SlgiMiturei  of  three 

Members  or 

AMOcUtei. 


Place  of  birth. 


Year  of  birth. 


Education,  general  and  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 

Dates 

Record  of  experience.  Briefly,  the  pcusi  and  present  eTrvployment, 
with  names  of  employers,  companies  and  associates.  (Proper  names, 
names  of  companies,  etc,  should  he  written  without  aJ>hreviaMon8j 


Dates 


PreaerU  poritian: 


(If  the  applicant  hat  preWoualy  been  propoeed  as  a  Member,  Anooiate  or  Junior  Member  of  tba  Tnetitiite 
thia  faet  ehould  be  aUted.) 

I  agree,  if  elected,  to  accept  election  within  four  montha,  and  to  abide  by  the  Gonsti" 
tution  and  By-Laws 


Signature  of  AppUcani: 


DaM 
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EXTRACTS  PROM  THE  CONSTITUTION. 

ARTICLE  IL— Membkrs. 

Sic.  1.  The  membership  of  the  Instltate  shall  comprise  Ibur  olaiwee,  namely:  1.  Memben;  2.  Hon- 
orary Members ;  8.  Associates ;  4.  Junior  Members.  •  •  • 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  fbr  membership  in  the  Inatitate,  namely :  ai 
Members,  all  professional  mining  engineers,  geologists,  metalluxgists,  or  chemlats,  and  all  penona 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  AjBoeiatei,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Dfieoton 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  echoolB  who  haTe  not  taken  thdr 
degrees  and  who  are  nominated  by  at  least  two  of  their  instructors.  •  •  • 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  fat  elcctton 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membership,  ai  pr^ 
scribed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Diiectois. 
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PabUalMd  Monthly  by  thft  Am«iiean  Institute  of  Mining  Engineen  at  312-218  Torlc  St., 
York.  Pn.,  H.  A.  WmonKST,  PnUieation  Mftnater.  Editorinl  Office.  29  Weet  80th  8t.,  New  Torlc. 
N.  Tm  Bbadlst  SrovoHTOir,  Editor.  Cable  addreat,  ''Aime.*'  Western  Union  Telegraph  Code. 
Babeeription  dnelnding  postage).  $10  per  annom;  to  memben  of  the  Institute,  pablie  Ubrariee,  educa- 
tional institutions  and  teehnioal  societies.  $8  per  annum.  .Single  copies  including  postage).  $1  each; 
to  members  of  the  Institute,  public  libraries,  etc..  00  cents  each. 

Entered  as  Second  Class  matter  January  28,  1914.  at  the  Post  Office  at 
York.  Pennsylrania,  under  the  Act  of  March  8,  1879. 


BULLETINS  WANTED 

The  Institute  is  still  in  need  of  additional  copies  of  the  Bulletin  for 
January,  February  and  March,  and  will  be  glad  to  pay  members  the 
regular  price  of  fifty  cents  per  copy.  Copies  may  be  sent  express  collect, 
or  postage  may  be  used  and  the  amount  will  be  refunded  in  addition  to 
the  fifty  cents. 


TRANSACTIONS  FOR  1916 

Vols.  52  and  63  have  been  shipped  to  all  who  have  paid  their  dues  for 
1916.  Members  who  do  not  receive  them  within  a  reasonable  time  are 
asked  to  notify  the  Secretary. 


MANUSCRIPT  CLOSING  DATE  FOR  THE  NEW  YORK 

MEETING,  1917 

The  114th  (New  York)  Meeting  of  the  Institute  will  be  held  in  the 
third  week  of  February,  1917.  The  Committee  on  Papers  and  PubUca- 
tions  has  set  Dec.  1, 1916,  as  the  closing  date  for  the  receipt  of  manuscripts 
intended  for  this  meeting. 

Manuscripts  must  be  received  by  the  Secretary  on  or  before  this  date. 
If  they  are  sent  through  members  of  the  technical  committees  they  must 
be  sent  to  those  committees  enough  in  advance  of  the  time  to  be  forwarded 
and  in  the  hands  of  the  Secretary  by  the  time  specified. 

While  Dec.  1,  1916,  is  the  final  closing  date,  it  is  a  great  advantage  to 
get  papers  in  as  much  before  that  time  as  possible  as  it  enables  them  to  be 
submitted  in  proof  form  to  their  authors.    Papers  received  on  or  before 
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Nov.  1, 1916,  will,  as  far  as  possible,  be  published  in  the  January  BvUeiin 
or  earlier,  thus  giving  good  distribution  among  the  members  in  advance 
of  the  meeting. 

The  Institute's  records  show  that  the  discussion  of  papers  is  very 
much  better  when  they  are  distributed  somewhat  in  advance  of  the  meet- 
ing instead  of  in  the  Bulletin  which  goes  out  immediately  preceding  the 
meeting. 


AMERICAN  MINING  CONGRESS 

The  American  Mining  Congress,  of  which  the  President  is  Carl  Schoix, 
and  the  Secretary  is  J.  F.  Callbreath,  and  of  which  many  of  the  officers 
and  directors  are  prominent  in  Institute  affairs,  has  extended  to  the  mem- 
bers of  the  Institute  a  cordial  invitation  to  attend  the  nineteenth  Annual 
Session  of  the  Congress,  to  be  held  at  the  La  Salle  Hotel,  Chicago,  Nov. 
13  to  16,  1916,  and  to  take  part  in  its  deUberations. 

The  morning  sessions  will  be  general  meetings  at  which  the  attend- 
ance of  all  members  of  the  Convention  is  hoped  for,  and  which  will  be 
devoted  to  a  discussion  of  subjects  related  to  the  three  several  heads, 
"safety,"  "efficiency"  and  "conservation."  The  afternoon  meetings 
will  be  divided  into  several  sections,  each  devoted  to  the  discussion  of 
subjects  of  interest  to  its  special  branch  of  the  industry.  It  is  planned 
to  have  all  papers  printed  and  distributed,  allowing  the  author  a  limited 
time  in  which  to  present  the  salient  features  of  his  address  and  giving  up 
the  greater  part  of  the  time  to  a  discussion  of  the  subject  presented  by 
members  on  the  floor.  By  this  plan  it  is  hoped  to  have  a  free  expression 
of  opinion  and  to  provide  ample  time  for  reaching  conclusions  to  be  em- 
bodied in  resolutions  representing  the  best  thought  of  the  mining  industry. 


PERSONAL 


(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  called  at  Institute  headquarters  during  the 
period  August  1,  1916  to  September  10,  1916: 


C.  L.  Cantley,  New  Glasgow,  N.  S. 

D.  A.  Cowell,  Columbus,  Ohio. 
Alexander  Deussen,  Houston,  Texas. 
Chas.  E.  Dutton,  Goldfield,  Nev. 

H.  S.  Emlaw,  Grand  Haven,  Mich. 
J.  M.  GiUette,  Swatsburg,  N.  Y. 
£.  Giroult.  San  Antonio,  Texas. 
Bertram  Grant,  Kingman,  Arizona. 
Ruger  W.  Hay,  Bisbee,  Arizona. 
C.  F.  Hendricks,  Cobalt,  Ontario. 
Stanley  C.  Herold,  San  Jose,  Cal. 
Lloyd  Ho£fman,  Pottersville,  N.  J. 
Charles  Hunter,  London,  England. 
G.  Jansen,  Benkoelen,  Sumatra. 
T.  H.  Jenks,  Oatman,  Arizona. 
Warren  Jenny,  Chanaral,  Chile. 


H.  M.  La  FoUette,  La  Follette,  Tenn. 
Montrose  L.  Lee,  Montevideo,  Uruguay. 
V.  H.  McNutt,  Billings,  Mont. 
J.  W.  Mailer,  New  York,  N.  Y. 
Edwin  W.  Mills,  Tul.  Mi  Chung,  Choeen, 

Korea. 
Francis  R.  Pyn^*  Elizabeth.  N.  J. 
Frank  A.  Ray,  Columbus,  Ohio. 
John  A.  Rice,  El  Paso.  Texas. 
W.  £.  Rice,  Kingwooa  Manor,  N.  J. 
W.  H.  Staver,  Lynchburg,  Va. 
Ralph  H.  Sweetser,  Easton,  Pa. 
Kirby  Thomas,  New  York,  N.  Y. 
Henry  Traphagen,  Union  Hill. 
M.  M.  Valerius,  Tulsa,  Okla. 
Wilfrid  B.  Wainewrig^t,  London,  Eng. 


Walter  A.  Barrowsi  Jr.,  of  Brainerd,  Minn.,  has  been  elected  president 
and  general  manager  of  the  Thomas  Iron  Co.,  Easton,  Pa.,  to  succeed 
Ralph  H.  Sweetser,  whose  resignation  of  several  months  ago  becomes 
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eCFective  Aug.  31.  Mr.  Barrows  has  had  an  extended  experience  in  blast- 
furnace and  iron-mining  work.  He  was  for  several  years  general  manager 
of  the  Shenango  Furnace  Co.,  and  for  5  years  past  has  been  engaged  in 
iron  mining  and  exploration  in  Minnesota. 

Edwin  S.  Beny  has  become  associated  with  Pope  Yeatman  and  will 
engage  in  consulting  mining  engineering  with  offices  at  111  Broadway, 
New  York,  N.  Y. 

Dr.  G.  H.  Cox  and  D.  H.  Radcliff  have  opened  offices  in  Tulsa,  Okla., 

as  consulting  geologists. 

* 

W.  R.  Hamilton  has  withdrawn  from  the  management  of  the  Monto- 

bello  Oil  Co.  He  has  opened  offices  in  the  Hobart  Building,  San  Fran- 
cisco, Cal.,  and  will  devote  his  time  to  general  engineering  work  in 
petroleum  and  metal  mining. 

George  B.  Holderer,  recently  manager  of  the  Furlough  Development 
Co.,  in  Arizona,  is  now  with  the  General  Chemical  Co.,  25  Broad  Street, 
New  York. 

Joseph  Jensen,  mineral  inspector  in  the  Field  Service  of  the  U.  S. 
General  Land  Office,  has  been  appointed  Assistant  Professor  of  Mining 
at  the  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 

Robert  Livermore  has  resigned  as  manager  of  the  Kerr  Lake  Mine, 
Cobalt,  and  is  succeeded  by  H.  A.  Kee  of  the  Nipissing  Mining  Co., 
Cobalt. 

James  MacNaughton,  general  manager  and  vice-president  of  the  Calu- 
met &  Hecla  Mining  Co.,  is  to  take  up  his  residence  in  Boston  on  Dec.  1. 
He  will  continue  to  manage  the  company.  John  Knox,  superintendent, 
will  take  care  of  a  considerable  part  of  the  work  at  the  mine.  Mr.  Mac- 
Naughton  will  be  a  frequent  visitor  to  the  copper  coimtry  and  there  will 
be  no  change  in  the  titles  of  the  two  men. 

Howard  C.  Parmelee,  formerly  Western  editor  of  Metallurgical  & 
Chemical  Engineering  of  New  York,  has  accepted  the  presidency  of  the 
Colorado  School  of  Mines. 

H.  W.  Ross  has  been  appointed  Etssistant  manager  for  Backus  &  Johns- 
ton Co.,  Casapulca,  Peru. 

Lyon  Smith  has  resigned  as  metallurgist  with  the  Snyder  Electric 
Furnace  Co.  of  Chicago,  and  has  gone  to  Florence,  Colo.,  to  be  Assistant 
Superintendent  with  the  Eiver  Smelting  and  Refining  Co. 

Thomas  A.  Stroup  has  left  the  engineering  staff  of  the  Tennessee 
Copper  Co.,  and  is  now  engineering  assistant  with  the  Utah  Copper  Co., 
at  Salt  Lake  City,  Utah. 

William  Thomlinson,  managing  director  of  the  Seaton  Carew  Iron 
Co.  Ltd.,  West  Hartlepool,  England,  and  the  Carlton  Iron  Co.  Ltd.,  of 
Ferry  Hill,  and  Lieutenant  Colonel  in  the  Durham  Light  Infantry,  raised 
and  trained  for  Kitchener's  army  the  19th  Durham  Light  Infantry 
(Bantams)  and  the  22d  Durham  Light  Infantry  (Pioneers).  He  was 
at  one  time  at  South  Pittsburgh,  Tenn. 
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ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  Cornell  M.  E.,  graduate,  aged  31,  married.  Will  soon  com- 
plete 2  years'  engagement  in  the  Russian  oil  fields.  Eight  years'  prac- 
tical experience  in  drilling  for  and  producing  oil.  Can  speak  Russian 
fluently  and  some  French  and  German.  Open  for  engagement.  Inter- 
view after  August  15,  in  the  United  States.    No.  299. 

Member,  graduate  mining  engineer.  Married.  Aged  38.  For  past 
6  years,  general  superintendent  of  large  silver  mine  in  Mexico.  Desires 
connection  with  responsible  mining  company,  preferably  in  the  United 
States.  Has  had  15  years'  experience  in  the  United  States  and  Mexico, 
including  mine  engineering,  sampling,  examinations,  milling  and  mine 
superintendence.    No.  312. 

Metallurgist,  4  years'  experience  in  electric  furnace  operation  on 
steel,  ferro-alloys  and  smelting  of  ores,  both  practical  and  research, 
desires  position  as  metallurgist  or  superintendent.    No.  314. 

Member,  technical  mining  graduate.  5  years'  experience  in  coal  and 
metal  mines  and  construction  work.  Married.  Aged  27.  Employed 
at  present.    Interview  in  Salt  Lake  City  or  Denver.    No.  316. 

Member,  American,  aged  39,  married,  desires  position  as  superintend- 
ent or  mine  superintendent.  14  years'  experience  in  opencut  and  under- 
groimd  work.  12  years'  Spanish,  Portugese,  Cuban  and  Mexican  labor. 
Fluent  Spanish.  Good  training  in  first  aid  and  safety  first.  Specialty 
of  high  explosives  and  steam-shovel  work.  Good  costs.  Go  anywhere, 
but  tropics  preferred.  References.  Interview,  New  York  or  Philadel- 
phia.   No.  318. 

Member,  aged  29,  immarried,  technical  graduate.  7  years'  varied 
experience  in  metal  mining:  3  years'  as  draftsman,  surveyor  and  assay er; 
4  years'  operating  experience  as  foreman,  superintendent,  and  manager. 
Good  health  and  habits.  References.  At  present  employed,  available 
on  short  notice.  Can  handle  men  efficiently  and  get  results.  Employ- 
ment with  reputable  company  desired,  preferably  as  foreman  or  super- 
intendent.    No.  319. 

Member.  Graduate  Colimibia  School  of  Mines.  Single.  30  years 
old.  Six  years'  practical  experience,  5  years  in  Mexico  and  Central 
America.  Fluent  Spanish.  Good  organizer,  able  to  handle  men.  De- 
sires position  as  superintendent  or  assistant  in  metal  mine  in  U.  S.  or 
foreign  coimtry.     No.  320. 

Young  technical  graduate  who 'has  had  1  year's  post  graduate  work  in 
geology,  would  like  to  get  into  a  geological  department  or  to  work  as 
a  mining  engineer  in  engineering  or  mining  departments.  Willing  to 
go  anywhere.    No.  321. 
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LIBRARY 

American  Society  of  Civil  Engineers 
American  Institute  op  Electrical  Engineers 
American  Society  op  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to  10 
P.M.,  except  on  holidays.  It  contains  about  70,000  volumes  and  90,000 
pamphlets,  including  sets  of  technical  periodicals  and  the  pubUcations  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  locaUties  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish  ref- 
erences and  photographic  copies  of  articles  on  mining  and  metallurgical 
subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish  gen- 
eral information  on  the  geology  and  mineral  resources  of  all  countries. 

AU  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  coUatend 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

Library  Accessions 
Partial  List  Classified  by  Subjects 

Mining  and  Metallurgy 

Coal  Miners'  Pocketbook.    Ed.  11.    New  York,  1916. 

Construction  and  Operation  op  a  Single  Tube  Cracking  Furnace  for  Making 

Gasoline.    Technical  Paper  No.  161,  U.  S.  Bureau  of  Mines,  Washington,  1916. 
The  New  Anaconda.    July,  1916.     New  York,  Eugene  Mayer,  Jr.  &  Co.,  1916. 

(Gift  of  publisher). 
Elements  op  Mining.     By  George  J.  Young.     McGraw-Hill  Book  Co.,  Inc.,  New 

York,  1916.     Price  $5.     (Gift  of  publishers.) 

[Note. — This  exceedingly  useful  little  book  will  be  found  very  valuable  as  a  text- 
book and  reference  book  for  those  who  are  taking  up  the  subject  of  mining.  It  is 
written  in  a  way  which  will  commend  itself  to  teachers  and  to  those  beginning  the  sub- 
ject. It  covers  the  fundamental  principles  and  from  them  elaborates  on  different 
details  of  mining  practice;  the  relation  of  geology  to  minine,  and  other  related  topics. 
The  scope  of  the  book  is  shown  by  the  following  list  of  titles  of  chapters: 

Preface,  Introductory,  Prospecting,  Boring,  Drilling  for  Blasting  Purposes,  Rock 
Breaking,  Transportation  and  Hoisting,  Mine  Drainage,  Ventilation  and  Illumina- 
tion, Support  of  Mine  Workings,  Open-Pit  Mining,  Alluvial  Mining,  Development, 
Underground  Methods,  Mine  Organization  and  Operation,  Mine  Accounting,  Acci- 
dents and  Miners'  Diseases,  Examination  of  Mineral  Deposits,  Index.     B.  S.j 
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Geology  and  Mineral  Resources 

American  Fertilizer  Handbook,  1916.  Philadelphia,  Ware  Bros.  Company,  1916. 
(Gift  of  publishers.) 

Coals  op  Letcher  County.  Ser.  IV,  Vol.  4,  pt.  1,  Kentucky  Geological  Survey, 
Frankfort,  1916. 

Geology  of  the  Shawneetown  Quadrangle  in  Kentucky.  Kentucky  Geological 
Survey,  Frankfort,  1916. 

Oil  Shales  in  the  Port  Curtis  District.  Publication  No.  249,  Queensland  Geolog- 
ical Survey. 

Petroleum  Prospects  on  Bruny  Island.  Tasmania,  1916.  Report  by  Arthur 
Wade. 

Petroleum  Withdrawals  and  Restorations  Appecting  the  Public  Domain. 
Bull.  No.  623,  U.  S.  Geological  Survey,  Washington,  1916. 

Rapport  sur  leb  Gisements  de  Cuivre  des  Cantons  de  l'est  db  la  Province  dk 
Qu£be€.     By  J.  A.  Bancroft.    Quebec,  1916. 

The  Adelong  Goldpield.  Mineral  Resources,  No.  21,  New  South  Wales.  Depart* 
ment  of  Mines,  Sydney,  1916. 

The  South  Hemmbkirk  Tin  Field,  with  maps.  Bull.  No.  21,  Tasmania.  Geolog- 
ical Survey,  Tasmania,  1916. 

Wolfram  Mines  of  Mount  Carbine.  Publication  No.  251,  Queensland.  Geolog- 
ical Survey,  Brisbane,  1915. 

Detailed  Report  on  Raleigh  County,  Summers  West  of  New  River,  and  the 
Coal  Area  of  Mercer  County,  by  C.  E.  Krebs,  assisted  by  D.  D.  Teets,  Jr..  with  a 
chapter  on  Kanawha  Marine  Fossils  by  Wm.  Armstrong  Price,  issued  under  date 
of  August  1,  1916,  with  topographic  and  geologic  maps.  Eastern  Raleigh,  Sum- 
mers and  Mercer  lie  within  the  great  New  River  and  Pocahontas  smokeless  coal 
districts,  while  western  Raleigh  holds  immense  deposits  of  Kanawha  Splint  and 

gas  coals.     Price  of  Report  with  ^  case  of  maps,  including  soil  report  and  map, 
ehvery  charges  paid  by  the  Survey,  $2.50.     West  Virginia  Geological  Survey, 
P.  O.  Box  848,  Morgantown,  W.  Va. 

General 

Chart  Showing  Prices  for  Non-ferrous  Metals  for  1898-March,  1916.     (Gift 

of  Daily  Iron  Trade.) 
The  Engineer  in  War.     By  P.  S.  Bond.     New  York,  1916. 
Methods  of  Sampling  Delivered  Coal.     Bull.  No.  116,  U.  S.  Bureau  of  Mines. 

Washington,  1916. 
Practical  Lubrication.     By  Lieut.  G.  S.  Bryan.     (Reprinted  from  Jour.  Amer.  Soc. 

of  Naval  Engineers,  Vol.  27,  Nov.  1915).     (Gift  of  The  Texas  Company.) 
Table  of  the  Eighty-four  Research  Papers  and  Scientific  Addresses  by  Sir 

Robert  Hadfield,  1888-1912.     (Gift  of  Sir  Robert  Hadfield.) 
Theory  and  Calculation  of  Alternating  Current  Phenomena.    Ekl.  5.     By 

C.  P.  Steinmetz.     New  York,  1916. 
Training  of  our  Captains  of  Industry.    By  Sir  Robert  Hadfield.     (Reprinted 

from  Iron  and  Coal  Trades  Review,  June  9, 1916.)     (Gift  of  Sir  Robert  Hadfield.) 

Trade  Catalogs 

Chicago  Pneumatic  Tool  Co.,  Chicago-New  York.  Bull.  34-N.  Single  compres- 
sors steam  and  power  driven. 

Denver  Fire  Clay  Co.,  Denver,  Colo.     Catalog  D.  Case  Furnaces,  1916. 

E.  I.  DU  Pont  de  Nemours  &  Co.,  Wilmington,  Del.  Du  Pont  Magazine. 
Aug.,  1916. 

Pelton  Water  Wheel  Co.,  New  York,  N.  Y.  Bull.  No.  9.  Pelton-Doble  Centri- 
fugal Pumps. 

Robertson-Cataract  Electric  Co.,  Buffalo,  N.  Y.  .  Illustrated  brochure  of  build- 
ings of  company,     pp.  21. 

Smith,  H.  Collier,  Detroit,  Mich.     Catalog  No.  50.     Quickwork  machinery. 

Sparta  Iron  Works  Co.,  Sparta,  Wis.     Sludge  bucket.     Aug.,  1916. 

Texas  Co.,  New  York,  N.  Y.  Lubrication,  v.  2,  No.  3;  v.  3,  No.  1-10.  Nov.,  1914; 
Nov.,  1915.     Aug^  1916. 

Under-Feed  Stoker  Co.,  Chicago,  HI.    Publicity  Magazine.    Aug.,  1916. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Aug.  1,  1916,  to  Sept.  10,  1916: 

Allen,  Louis  M.,  Jr.,  Chief  Mine  Sampler,  Old  Dominion  Min.  &  Smelt.  Co., 

Globe,  Ariz. 
Atkinson,  Chester,  Min.  Engr.,  Asst.  Supt.,  Smelt.  Dept., 

Cerro  de  Pasco  Mining  Co.,  La  Fundicion,  Peru,  South  America. 
Baker,  Clair  Lincoln,  Genl.  Mgr.,  Mexican  Dept.,  Amer.  Smelt.  &  Ref .  Co., 

.  1108  Mills  Bldgy  El  Paso,  Tex. 
Barrows,  Walter  A.,  3d,  Asst.  Supt.,  Blast  Furnaces,  Thomas  Iron  Co., 

Hellertown,  Pa. 
Bartholomew,  George  Pomerot,  Asst.  Cons.  Engr.,  Guggenheim  Bros., 

120  Broadway,  New  York,  N.  Y. 
Billow,  Elmer  E.,  Pres.,  National  Supply  Co.,  416  West  Grand  Ave.,  Chicago,  111. 
Brown,  Samuel  Rollins,  Mill  Supt.,  The  Plymouth  Cons.  Gold  Mines.  Ltd., 

Plymouth,  Cal. 
Buchanan,  R.  H.,  Chief  Engr.  of  Mines,  Delaware  &  Hudson  Co.,  Scranton,  Pa. 

Burns,  William Min.  Engr.,  Phelps,  Dodge  &  Co.,  Morenci,  Ariz. 

Campbell,  Arthur  Roy,  Genl.  Supt.,  Zinc  Dept.,  Umted  States  Smelt.  Co., 

413  Republic  Bldg.,  Kansas  City,  Mo. 

Carlisle,  George  Lister,  Jr.,  Mining 14  Wall  St.,  New  York,  N.  Y. 

Chapman,  Raymond  M.,  Chemist  and  Met.,  Owner,  Indiana  Laboratories  Co., 

Ruff  Building,  Hammond,  Ind. 
Cleveland,  Curtis,  Chemist,  International  Lead  Ref.  Co.,  East  Chicago,  Ind. 
Cody,  Benjamin  H.,  Chief  Chem.,  The  Arizona  Copper  Co.,  Ltd., 

P.  O.  Box  1003,  Clifton,  Ariz. 
Cob,  Harrison  Streeter,  Min.  Engr.,  The  Dorr  Company, 

810  Cooper  Bldg.,  Denver,  Colo. 
Cole,  Carl  H.,  Asst.  Met.,  Smelter  Dept.,  Calumet  &  Arizona  Mining  Co., 

Douglas,  Ariz. 
Conner,  William  S.,  Min.  Engr.,  Braden  Copper  Co.,  Rancagua,  Chile, 

South  America. 
Cooke,  Cosby  Crittenden,  Supt.  of  Coal  Mines,  The  Low  Moor  Iron  Co.  of  Va., 

Kay  Moor,  W.  Va. 

CoRDES,  Frank Prest.,  Hubbard  Steel  Foundry  Co.,  East  Chicago,  Ind. 

Crawford,  William  Elmer.  Mill  Supt.,  Compania  Beneficiadora  de 

rachuca,  S.  A.,  Apt.  No.  1,  Pachuca,  Hidalgo,  Mexico. 

Crerar,  George Hammond  Mining  Company,  Glacier,  Wash. 

CuLLEN,  Joseph  F.,  Research  Chemist,  United  States  Smelt.  Co.,  Midvale,  Utah. 
Dbussen,  Alexander,  Geol.,  Humble  Associates— Oil  Producers,  Room  504, 

Stewart  Bldg.,  Houston,  Tex. 

Dick,  James  E Mgr.,  Akron  Mine,  Whitepine,  Colo. 

Dickson,  Robert  Henry,  Min.  Engr^^ Calumet  and  Arizona  Min.  Co.,  Bisbee,  Ariz. 
Duncan,  Harold  S.,  Min.  Engr.,  Old  Dominion  Copper  Mining  &  Smelting  Co., 

P.  O.  Box  815,  Globe,  Ariz. 

Eaton,  Arthur Cons.  Geol.,  1641  Euclid  Ave^  Berkeley,  Cal. 

Edgar,  Selwyn  C,  Jr.,  Pres.,  Edgar  Zinc  Co.,  910  Boatmen's  Bank  Bldg., 

St.  Louis,  Mo. 

Edwards,  Hugh  Robert Cons.  Engr.,  433  California  St.,  San  Francisco,  Cal. 

FoLLOWiLL,  Dexter  Bemis,  Supt.  of  Sulphate  Dept.,  St.  Louis  Smelt.  &  Ref.  Co., 

CoUinsvUle,  Bl. 
Fry,  Carl  Herbert,  Supt.,  Yellow  Aster  Mining  &  Milling  Co., 

Kandsburg,  Kern  Co.,  Cal. 

Grenfell,  Donald  S Chemical  Engr.,  Mineral  Point  Zinc  Co.,  Depue,  111. 

Gruoan,  Justice,  Min.  Engr.,  Mgr.,  Northern  Ore  Co., 

Edwards,  St.  Lawrence  Co.,  N.  Y. 
GuYER,  Raymond,  Mining  and  examination,  Guyer  Hot  Springs,  Ketchum,  Idaho. 
Hamm,  Karl  G.  C Chemist,  Arizona  Copper  Co.,  Ltd.,  Clifton,  Ariz. 
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Hampton,  Frank  Howabd  Fbanklin,  Engr.,  Braden  Copper  Co.. 

Rancagua,   Chile^  South  America. 
Hartmann,  Mariano  R^  Owner  and  Mgr.,  ChallacoUo  Silver  Lixiviation  Plant, 
and  Mines,  Cerro  uordo,  La  Granga,  Prov.  de  Tarapaca,  via  Iquique, 

Chile,  South  America. 

Hat,  Ruger  W Min.  Engr^  Calumet  &  Arizona  Min.  Co.,  Warren,  Aris. 

Hendricks,  W.  Homer,  Genl.  Sales  Engr.,  New  Jersey  Zinc  Co.. 

55  WaU  St.,  New  York,  N.  Y. 

Htblop,  John  M Met.,  Hubbard  Steel  Foundry,  'East  Chicago,  Ind. 

Johnstone,  James  O.,  Chemist,  International  Lead  Refining  Co., 

151st  &  McCook  Sts.,  East  Chicago,  Ind. 
KiRBT,  Alfred  George,  Min.  &  Met.  Engr.,  121  Howard  Park  Ave., 

Toronto,  Ont.,  Canada. 
Kirk,  Milton  D.,  Asst.  to  Prest.,  The  Davis  Coal  &  Coke  Co.,  Cumberland,  Md. 
KoBBE,  William  H.,  Petroleum  Engr.,  Pierce  Oil  Corpn.,  420  Olive  St.,  St.  Louis,  Mo. 
Lbmke,  Carl  A.,  Asst.  Supt.  in  Charge  of  Concentrating  Dept., 

U.  S.  Smelt.  Co.,  Midvale,  Utah. 
LiNDMUELLER,  Charles,  Supt.,  Goldschmidt  Detinning  Co.,  East  Chicago,  Ind. 
Llewellyn,  Paul,  Works  Mgr.,  Interstate  Iron  &  Steel  Co.,  East  Chicago,  Ind. 
LovB,  Robert  G.,  District  Min.  Engr., 

Delaware,  Lackawanna  and  Western  R.  R.  Co.,  Scranton,  Pa. 

McRae,  Austin  Lee Director,  Missouri  School  of  Mines,  Rolla,  Mo. 

MacMichael,  Hugh  Renwick,  Chief  Engr.,  Southern  Dept., 

American  Smelt.  &  Ref.  Co.,  1108  Mills  Bldg.,  El  Paso,  Tex. 
Marshall,  Alexander  Fulton,  Chief  Engr.,  Red  Jacket  Cons.  Coal  &  Coke  Co., 

Red  Jacket,  W.  Va. 

Martinez,  Fidel  C Asst.  Met.  Engr.,  Chino  Copper  Co.,  Hurley,  N.  Mex. 

MiNOR,  Ctrus  Edward Engr..  Mining  Associates,  Ltd.,  Bonanza,  Colo. 

Morgan,  David Supt.,  United  Verae  Extension  Mining  Co.,  Jerome,  Aris. 

Morse,  Gilbert  Livingston,  Asst.  to  Mine  Captain,  New  Jersey  Zinc  Co., 

Franklin,  N.  J. 

Motherwell,  William,  Met Colorado  Springs,   Colo. 

Olmste AD,  Seymour  G..  .Chief  Sampler,  Utah  Copper  Co.,  Bingham  Canyon,  Utah. 
OsBORN,  Walter  X.,  Cons.  Engr.,  United  Verde  Extension  Min.  Co.,  Douglas,  Arix. 

Porter,   Rudolph Mgr.,   Federal  Lead   Co.,   Federal,   DL 

Proctor.  Israel  O Min.  Engr..  1450  Dewey  Ave.,  Butte,  Mont. 

Rider,  Ezra  B.,  Min.  Engr.,  Copper  Queen  Cons.  Mining  Co., 

P.  O.  Box  1224,  Bisbee,  Ariz. 

Roberts,  T.  C,  Chief  Engr United  Verde  Copper  Co.,  Jerome,  Ariz. 

Robertson,  John  H.,  Min.  Engr Box  1405,  Miami,  Ariz. 

Ross,  Clyde  Polhemus,  Min.  Geol.,  Asst., 

Old  Dominion  Copper  Min.  &  Smelt.  Co.,  Globe,  Aiis. 
Sandford,  John  J.,  Engr.,  Bunker  Hill  &  Siuuvan  M.  &  C.  Co^  Kellogg^  Idaho. 
Saunders,  Howard  P.,  Chief  Engr.  and  Supt.  Maintenance  and  Construction, 

St.  Joseph  Lead  Co.,  Herculaneum,  Mo. 
Seamon,  William  H.,  Jr.,  Mine  Engr.,  Jos.  S.  Qualey  &  Co., 

Care  Harding  &  McKee,  404  Roberts-Banner  Bldg.,  El  Paso,  Tex. 
Sheffield,  Eugene  S.,  Min.  Engr.,  Departmental  Mgr., 

Care  Standard  Oil  Co.  of  New  York,  Producing  Dept.,  Peking,  China. 
Spencer,  Frank  Norton,  Asst.  to  Genl.  Mgr.,  The  New  Jersey  Zmc  Co., 

65  Wall  St.,  New  York,  N.  Y. 
Sprague,  Charles  S.,  Pres.  and  Genl.  Mgr.,  Jumbo  Extension  Mining  Co., 

Goldfidd,  Nev. 
Stewart,  Leighton,  Min.  Engr.,  Care  Hayden  Stone  &  Co., 

25  Broad  St^  New  York,  N.  Y. 

Varley,  Thomas Federal  Lead  Cfo.,  Flat  River,  Mo. 

Wahl,  Koy  Lesslie,  Chief  Min.  Engr Inland  Steel  Co.,  Crosby,  Minn. 

Walker,  Henry  Y.,  Mgr Tacoma  Smelt.  Co.,  Tacoma,  Wash. 

Wauchope,  Albert,  Mme  Supt.,  (Gold)  Sons  of  Gwalia,  Ltd.. 

Gwalia,  Western  Australia. 
Webster,  Ernest  B.,  Engr.,  with  Highway  Commission,  Re^a,  Sask.,  Canada. 

Wbmple,  Leland  E.,  Met American  Zinc  Lead  &  Smelt.  Co.,  Hillsboro,  DL 

Wysor,  IDavidson  Charlton,  Geol.,  General  Chemical  Co.,  25  Broad  St., 

New  York,  N.  Y. 
ZiESEMER,  Harry  M.,  Min.  Engr.,  Copper  Queen  Cons.  Min.  Co.,  Bisbee,^^ 
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Associate  Member 
CooMBB,  A.  Palmer,  Care  The  Standard  Oil  Co.|  East  Ohio  Gas  BIdg.,  Cleveland,  O. 

Junior  Members 

Brbnnen,  George  K Scottdale,  Pa. 

Harrod,  Watnb  a..  Flotation  Operator.  Engels  Copper  Mining  Co.,  Keddie,  Cal. 
HiRAOKA,  MiCHiTA,  Frof.  of  Min.  Engrg.  k  Met.,  Osaka  Higher  Technical  College, 


Holmes,  George  F.,  Student Michigan  College  of  Mines,  Houghton, 


Osaka,  Japan. 

HOLMES,  UEORGE  1*'.,  Htudent Micnigan  uoiiege  ot  Mines,  noughton,  Mich. 

Komar-of-Sktb,  George,  Min.  Engr.,  Care  American  Institute  of  Mining 

Engineers,  29  W.  39th  St.,  New  York,  N.  Y. 

Kupferstein,  Joseph  T Care  Producers  Oil  Co.,  Tulsa,  Okla. 

Lau,  Kaan 201  Bryant  Ave.,  Ithaca,  N.  Y. 

McDonald,  Carlton  K.,  Laborer,  American  Smelt.  &  Ref.  Co.,  Omaha  Plant, 

Omaha,  Nebr. 
Ovens,  James  Mason,  Student,  Michigan  College  of  Mines,  Houghton,  Mich. 
Repetti,  George  W.,  Min.  &  Met.  Engr.,  The  Dorr  Company,  812  Cooper  Bldg., 

Denver,  Colo. 
ScHOLL,  Louis  A.,  Jr.,  Geol.  and  Min.  Engr.,  Producers  Oil  Co., 

Mayo  Bldg.,  Tulsa,  Okla. 

Spurnt,  Emil 802  Second  Ave.,  Astoria,  L.  I. 

Sticknet,  William  Herzog,  Miner,  Tramway  Mine,  Anaconda  Mining  Co., 

Butte,  Mont. 
Wilson,  Harrt  R.,  Chemist,  Care  Burma  Mines,  Ltd  ^ 

Nam  Tu,  Northern  Shan  States,  Burma. 

Woo,   Wai  Kyi 120  East  St.,   Houghton,   Mich. 

Yost,  Harold  W.,  Min.  Engr.,  C.  H.  Fulton,  Experimental  Zinc  Smelter, 

Boatmen's  Bank  Bldg.,  8t.  Louis,  Mo. 

Total  Membership,  Sept.  10,  1916 6,748 

Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glancing 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Membership, 
or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be  clas- 
sified in  accordance  with  the  list  given. 

Members 

The  following  persons  have  been  proposed  during  the  period  Aug.  1, 
1916,  to  Sept.  10, 1916,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential  com- 
mimications,  favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  commimications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Arthtir  Abraham  Arluck,  Cleveland,  O. 

Proposed  by  J.  Bums  Read,  F.  A.  Fahrenwald,  Frank  R.  Van  Horn. 

Bom  1886,  Russia.  1907,  Cleveland  College  Preparatory  School.  1909,  Spen- 
cerian  Business  College.  1913,  Case  School  of  Applied  Science.  1913-14,  Miner, 
Anaconda  Copper  Min.  Co.,  North  Butte  Min.  Co.,  Butte,  Mont.     1914-15,  Leaser, 
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Miner,  Easton  Pacific  Mine,  Virginia  City,  Mont.     1915-16.  Const.  Engr.  and  Surface 
Foreman,  Cons.  Interstate-Callanan  Min.  Co.,  Wallace,  Idano. 
Present  position:  City  Water  Works  Tunnel,  Cleveland,  O. 

Theodore  Newton  Bamsdall,  2d,  Bradford,  Pa. 

Proposed  by  W.  L.  Bell,  Frank  A.  Ross,  L.  K.  Armstrong. 

Bom,  1878,  ^Titusville,  Pa.  Public  Schools  in  Titusvillfe,  Pa.,  and  Bradford.  Pa. 
1899-1912,  Director,  Manufacturers  Gas  Co.,  Bradford,  Pa.  1906-08,  Vice-Pree., 
Ardizzone  Construction  Co.  actively  engaged  laying  ffas  lines  in  Kansas.  1908^-12, 
Pres.,  BamsdaU  Construction  Co.  laving  gas  lines  in  Ohio,  Kansas  and  Okla.  1910  to 
date,  Treas.,  Highland  Cas  Co.,  Bradford,  Pa.  1909  to  date.  Director,  Potter  Gas  Co., 
Pittsburgh,  Pa.     1910  to  date,  Oil  Producer  in  Pennsylvania  and  Oklahoma. 

Present  position:  Treas.  and  Genl.  Mgr.,  Highland  Gas  Co. 

Carl  H.  Beal,  Muskogee,  Okla. 

Proposed  by  W.  R.  Ekimilton,  W.  A.  Williams,  J.  C.  Branner. 

Bom  1889,  Westem  Kansas.  1905-09,  High  School,  Ukiah,  Cal.,  and  Palo  Alto. 
Cal.,  1909-12,  Leland  Stanford  Jr.  University,  A.  B.  in  Geology.  1914-15,  Leland 
Stanford  Jr.  University,  A.  M.  Geology.  1913,  Asst.  Geol.,  Kern  Trading  &  Oil  Co., 
Coalinga.  191^14,  Petroleum  GeoL,  with  Harry  R.  Johnson,  Los  Anseles,  Cal., 
making  geology  reports  on  oil  properties  in  developed  and  prospective  fiekls  of  Cali- 
fornia, Montana,  British  Columbia  and  Alberta.  1914-15^  Asst.  Geol.  and  Mining, 
Stanford  University,  and  during  summer  of  1915  in  charge  field  work  of  summer  clasB. 
1915-16,  Oiliind  Gas  Inspector,  U.  S.  Bureau  of  Mines,  Muskogee,  Okla. 

Present  position:  Petroleum  Technologist,  U.  S.  bureau  of  Mines,  Washington, 
D.  C. 

Paul  Thomas  Benson,  Thane,  Alaska. 

Proposed  by  G.  T.  Jackson,  Joseph  Daniels,  E.  V.  Daveler. 

Bom  1889^eblo,  Colo.  1908-11,  Colorado  School  of  Mines.  1911-12,  Univ.  of 
Washington,  B.  S.  in  Min.  Engrg.  1912-13,  Assayer  and  Asst.  Chemist,  Tacoma 
Smelt.  Co.  191^14,  Assayer,  Alaska  Gastineau  Min.  Co.,  Juneau,  Alaska.  1915, 
Foreman  of  Roll  Dept.,  Alaska  Gastineau  Min.  Co.,  Thane,  Alaska.  1915-16,  Fore- 
man of  Concentratins  Dept.,  Alaska  Gastineau  Min.  Co.,  Thane,  Alsska. 

Present  position:  Foreman  of  Concentrating  Dept.,  Alaska  Gastineau  Min.  Co. 

Thomas  Townsend  Brewster,  St.  Louis,  Mo. 

Proposed  by  B.  F.  Bush,  W.  J.  Jenkins,  H.  A.  Wheeler. 

Bom,  1867,  Saco.  Me.  Attended  Common  School.  Experience  and  study.  1882- 
83,  Blair  &  Truesdell,  Bankers,  Syracuse.  1883-86,  Salt  Springs  National  Bank,  Syra- 
cuse. 1886-88,  Acting  Treas.,  Sweets  Mfg.  Co.  (Rolling  Mills),  Syracuse.  1888-96, 
in  business  for  myself,  promoting,  representing  security  holders  in  various  corporations, 
specializing  in  coal  propositions  from  1890.  1896-98.  Mgr.,  Thomas  Carmichael, 
Trustee,  Rio  Grande  Coal  &  Irrigation  Co.,  Laredo^  Texas.  1898-1912,  Vice  Pres. 
and  Genl.  Mgr.,  Rio  Grande  Coal  Co.  a  reorganization  of  next  above,  property  was 
sold  in  1912.  1902  to  date,  Vice-Pres.  and  Genl.  Mgr.,  Mt.  Olive  &  Staunton  Coal 
Co.  1910-12,  Vice-Pres.,  Coal  Operators'  Assn.  5th  and  9th  Dist.  of  Illinois.  1912 
to  date;  Pres.,  Coal  Operators'  Assn. 

Present  position :  Vice-Pres.  and  Genl.  Mgr.,  Mt.  Olive  &  Staunton  Coal  Co. 

Cecil  John  Brown^  Wallaroo,  South  Australia. 

Proposed  by  H.  Lipson  Hancock,  William  E.  Slee,  Albert  L.  Brown. 

Bom  1888,  Moonta,  South  Australia.  1893-1901,  State  Public  School.  1901-03, 
District  High  School.  1903-09,  Technical,  Mechanical  Draftsman,  Survey  &,  Chem- 
ical Courses,  Mechanical  and  Electrical  Ensineering.  1910-15,  Civ.  Ensineenng 
Diploma,  International  Correspondence  Schools.  1903-06,  Junior  Drutsman's 
Dept.,  Wallaroo  &  Moonta  Min.  &  Smelt.  Co.,  Ltd.  1905-08,  Mining  Engineering 
Draftsman  (Wallaroo  Mines)  Wallaroo  &  Moonta  Min.  &  Smelt.  Co.,  Ltd.  1908-10, 
Surveyor,  Surface  &  Underground  (Wallaroo  Mines)  Wallaroo  A  Moonta  Min.  A 
Smelt.  Co.,  Ltd.  1910-16,  Engineering  Draftsman  &  Surveyor  (Wallaroo  Smelt. 
Works)  Wallaroo  &  Moonta  Min.  &  Smelt.  Co.,  Ltd.  1907-16,  Iiistructor,  Art  & 
Science  Subjects^  Moonta  School  of  Mines,  evening  classes. 

Present  position:  Chief  Draftsman  and  Surveyor,  Wallaroo  Smelt.  Works. 

Godfrey  L.  Cabot,  Boston,  Mass. 

Proposed  by  R.  B.  Woodworth,  John  Hays  Hammond.  I.  C.  White. 
Born  1861,  Boston,  Mass.     1882,  Harvard  (College.  A.  B.  Magna  Cum  Laude  in 
Chemistry.     Studied  in  Zurich  in  1883-84  with  Dr.  George  Lunge  and  Prof.  Victor 
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Meyer.  Took  graduate  course  in  Harvard.  1882,  Employed  by  Samuel  Cabot,  Jr. 
1883,  in  experimental  work  in  Natural  Graa.  1886,  in  partnership  with  L.  Cabot. 
1886-87,  made  sas  regulators.  From  then  to  present  time  busied  in  selling  gas,  build- 
ing carbon  black  factories  and  operating  them.  Owning,  operating,  drilbng  gas  and 
oil  wells,  laying  pipe  lines  distributing  and  selling  gas  on  an  increasing  scale,  and  am 
now  busied  also  m  liquefying  Natural  Gras. 

Present  position:  Owner  of  five  carbon  black  plants.  Controlling  owner  of  two 
others.     Pres.,  Liquid  Fuel  &  Gas  Co. 

Harry  Elmer  Bullock,  Hazard.  Ky. 

Proposed  by  O.  G.  Petersen.  William  H.  Shearman,  Thomas  T.  Read. 

Bom  1883,  Packard,  Ky.  1903,  educated  at  Lincoln  Memorial  Univ.,  Cumberland 
Gap,  Tenn.  1904,  Brown  Univ.,  Providence,  R.  I.  Made  specialty  of  chemistrv 
ana  mining  engineering.  No  degree.  1906,  Aaat.  to  Genl.  Mgr.,  Old  Sterling  Iron  & 
Min.  Co..  Antwerp,  N.  Y.  1907,  Supt.,  Bennett  Jellico  Coal  Co..  Trosper,  Ky.  1908. 
Pres.  ana  Genl.  Mgr.,  Trosper  Coal  Co.,  Trosper,  Ky.  1912,  Mgr.,  Poteau  Coal  ana 
Mercantile  Co.,  roteau,  Okla.  Also  Genl.  Mgr.,  Fort  Smith  Poteau  and  Wes- 
tern R.  R. 

Present  position:  1914  to  date;  Pres.  and  Genl.  Mgr.,  Kentucky  Jewel  Coal  Co.  and 
Kentucky  Block  Coal  Co. 

Norman  L.  Calder,  Matahambre,  Pinar  del  Rio,  Cuba. 

Proposed  by  J.  Mark  Smith,  J.  H.  Jowett,  L.  D.  Albin. 

Bom  1887,  Hobart,  Tasmania.  1906,  Univ.  of  Tasmania.  1909-11,  1913-15, 
Columbia  Univ.,  M.  E.  1902-06,  Tasmanian  Smelt.  Co.,  Tasmania.  1907-09, 
Transvaal  BischofF  Tin  Mine,  Transvaal.  1911-12,  Nevada  Cons.,  McGill,  Nev. 
1912-13,  Goldfield  Cons.,  Goldfield,  Nev.  1912-13,  Ray  Cons.,  Ray,  Ariz.  1916, 
Minas  de  Matahambre,  Matahambre,  Cuba. 

Present  position :  Asst.  Engr.,  Minas  de  Matahambre. 

Everett  Carpenter,  Bartlesville,  Okla. 

Proposed  by  Alfred  J.  Diescher,  J.  C.  McDowell,  Henry  L.  Doherty. 

Bom  1884,  Holton,  Kans.  1911,  University  of  Oklahoma,  A.  B.  1908  and  1909, 
Asst.  Geol..  Oklahoma  Geol.  Survey.  1910,  Junior  GeoL,  U.  S.  Geol.  Survey. 
1911-16,  Cnief  Geol.,  Wichita  Natural  Gas  Co.  and  allied  concerns. 

Present  position :  Chief  Geol.,  Empire  Gas  &  Fuel  Co. 

Cairy  Clvde  Conover,  Springfield,  111. 

Proposed  by  G.  H.  Cox,  D.  H.  Radcliffe,  M.  M.  Valerius. 

Bom  1890,  Emporia,  Kans.  1896-1908,  Grammar  School  and  High  School, 
CarroUton,  Mo.  1908-12,  Missouri  School  of  Mines  and  Metallurgy,  Rolla.  Mo., 
B.  S.  1912,  Mill  man  in  wet  mill  and  magnetic  mill,  Vinegar  Hill  Zmc  Co.,  rlatte- 
ville.  Wis.  1913,  Chemist,  Chief  Chemist,  and  later  Asst.  Supt.,  National  Zinc  Co., 
Springfield,  HI. 

Present  position:  Asst.  Supt.,  National  Zinc  Co. 

» 

Ralph  Attgustus  Conrads,  Garfield,  Utah.^ 

Proposed  by  R.  C.  Gemmell,  H.  C.  Goodrich,  R.  H.  Hawley. 

Bom  1880,  Trenton,  Mo.  1897,  Grad.,  High  School,  Trenton,  Mo.  1904, 
Grad.,  Missouri  School  of  Mines,  B.  S.  in  Min.  Engrg.  1902,  Rodman,  on  R.  R. 
Construction  for  Arkansas  A  Choctaw  Ry.  in  Indian  Territory.  1904-05,  Concen- 
tration and  Assaying,  Utah  Copper  Co.,  Bingham  Canyon,  Utah.  190&-06,  Engr., 
Balaklala  Cons.  Copper  Co.,  Snasta  Co.,  Cal.  1906-07,  Engrg.  and  Cyanide  mill. 
The  Annie  Laurie  Gold  Min.  Co.,  Kimberly,  Utah.  1907,  Engr.,  Cia.  Carbonifera 
Agujita.  of  South  America,  Sabinas,  Coah.,  Mex.  1907-11,  Engr.,  ^for  8  months, 
remainaer  of  period,  Asst.  Mgr.,  Esperanza  Min.  Co.^  El  Oro,  Mex.  1911-12,  Min- 
ing in  interest  of  myself  and  associates  in  Ter.  de  Tepic  and  Oaxaca,  Mex.  1912-13, 
AMt.  Mgr.,  Cia.  Minera  Las  Dos  Estrellas,  El  Oro,  Mex.  1913-14,  Mgr.,  Cia.  Minera 
Santa  Ana  Esperanza,  Zac,  Mex. 

Present  position:  Met.  Engr.,  Magna  Plant,  Utah  Copper  Co. 

Tolin  Vipond  Davies,  New  York.  N.  Y. 

Proposed  by  W.  L.  Saunders,  Alexander  C.  Humphreys.  B.  F.  Creason,  Jr. 

Bom  1862,  Swansea,  South  Wales.  Wesleyan  College,  Taunton,  England. 
Matriculated — University  of  London.  1880-84,  Articled  Apprentice,  Parfitt  & 
Jenkins  of  Cardiff,  South  Wales,  Contracting  Engineers.  Principal  work.  Junction 
Dry  Dock-Dock  Gates,  Bule  Docks,  Cardiff— Shaft  2,500  ft.  deep,  25  ft.  dia.  Ynysybwl 
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Colliery  and  machine  shop  practice.  1884-85,  Mine  Surveyor,  Collieries,  John  Vi- 
pond  &  Co.  1885-88^  Asst.  Engr.  &  Chief  Ajsst.  Blaenavon  Coal  &  Iron  Co.,  South 
Wales,  in  charge  erection  and  construction  blast  furnaces,  stoves,  coke  ovens,  regen. 
furnaces,  rolling  and  tire  mills — ^Bessemer  convertors  and  steelplants — Limestone 
quarry  operations  and  brick  making  plants.  1888-89,  Sea-^oing  £mgr..  S/S  '' Aigus" 
of  Melbourne.  1889-90,  Engr.  &  Mgr.,  Anthracite  Coal  Bnquetting  plant,  Mahanoy 
City,  Pa.  1891  to  date;  Charles  M.  Jacobs  as  Cons.  Engr.  Principal  works:  East 
River  Gas  Tunnel  from  70th  St.,  New  York  to  Ravenswood;  Chief  En^.,  designed  and 
built,  W.  Va.  Short  Line  R.  R. ;  Chief  Engr.,  designed  and  buQt,  E^nawha  &  Poca- 
hontas R.  R. ;  Chief  Engr.,  desig;ned  and  built,  Atlantic  Ave.,  Improvement  L.  I.  R.  R.; 
Chief  Engr.,  designed  and  built.  Entire  tunnel  and  subway  system  of  Hudson  & 
Manhattan  R.  R.,  New  York  and  New  Jersey.  1906-07,  Two  years  in  charge  for 
Contractors  of  Grand  Central  Yards  Improvements.  1904,  Cons.  Engr.,  Board  of 
Water  Supply  Detroit  on  Intake  Tunnel.  Engineers  in  charge  of  construction  Hales 
Bar  Dam  across  Tennessee  River  near  Chattanooga  involvm^  pneumatic  pressure 
construction  for  foundations.  Engineers  in  charge  of  construction  of  19  miles  Aque- 
duct Tunnels  for  Mexico  City  Tramways  Co.  to  divert  waters  Laxaxalpam  River  to 
Necaxa  Dam.  Ensineer  of  design  and  actually  in  charge  Construction  Astoria 
Tunnel  under  East  River,  N.  Y.,  for  Astoria  L.  H.  &  Power  Co.,  Tunnel  about  20  ft. 
dia.,  4.700  ft.  long.  Shaft  250  and  280  ft.  deep.  Consulting  Engineer  N.  Y.  Municipal 
Rw.  do.  (B.  R.  tT)  on  Subway  Railway  developments  in  City  oi  New  York.  Member 
Engineer  Board  Moffat  Tunnel  Commission,  Colorado,  reporting  on  Mo£Fat  Tunnel 
through  Rocky  Mountain  Divide  (other  members,  D.  W.  Brunton  &  Finch). 
Present  position:  Vice-pres.,  Jacobs  &  Davies,  Inc. 

Graham  Barclay  Dennis,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  Charles  H.  Goodsell,  F.  A.  Ross. 

Bom  1856,  Southampton.  £kigland.  1865-75,  Cincinnati  Public  Schools.  Cin- 
cinnati Pharmacy  School  Betnany  College,  West  Va.  1875-78,  Asso.  Editor.  Business 
Mgr.,  Journal,  Dayton,  0. 1879-80,  Editor  and  Publisher,  Farmers'  Home,  Dayton,  O. 
1880-85,  Investment  Bankers,  G.  B.  Dennis  &  Co.,  Dayton,  0.  1885,  Editor  and 
Publisher,  Spokane  Miner,  Spokane,  Wash.  1886-88,  Pres.  and  Mgr.,  Muscovita 
Mica  Co.,  Spokane,  Wash.  1889-91,  Pres.  and  Mgr.,  Ross  Park  Elec.  Ry.  Co.,  Spo- 
kane, Wash.  1891-1916,  Pres.,  Old  Dominion  Min.  &  Mill.  Co..  Spokane,  Wash. 
1893-96,  Pres..  Northwest  Min.  Asso.,  Spokane,  Wash.  1899-1916,  ftes.  and  Mgr., 
Insurgent  Gold  Min.  Co.,  Spokane,  Wash.  190&-16,  Pres.,  Warehouse  &  Realty  Co., 
Spokime,  Wash.  1916,  Fres.,  Spokane  Mining  Mens'  Club,  Spokane.  Wash.  1916, 
Secy.  &  Treas.,  Spokane  Railway  &  Terminal  Co.,  Spokane,  Wasn.  1890,  Vice- 
Pres.,  Northwestern  Industrial  Exp.  Co.,  Spokane,  Wash.  1906-16.  Duector, 
Exchange  National  Bank,  Spokane,  Wash.  1912-13,  Vice-Pres.  for  Washington, 
American  Mining  Congress.  Spokane,  Wash.  Have  held  like  positions,  within  the 
years  named,  and  many  others  of  responsibility  and  trust.  Trustee  and  Treas., 
Jenkins  Univ.,  Spokane,  Wash.  Member,  Com.  Revision  Federal  Mining  Laws. 
Organizer  and  Director  and  Pres.,  Spokane  Publicity  Bureau,  for  the  years  1904-06. 
Some  experience  and  Real  Estate. 

Present  position:  A  number  of  above,  and  Pres.,  Spokane  Mining  Mens'  Club. 

Alfred  F.  Duggleby.  Santiago  de  Cuba,  Cuba. 

Proposed  by  Max  Roesler,  o.  B.  Patterson,  Jr.,  J.  T.  Singe wald,  Jr. 

Bom  1893,  Brisbane,  Aust.  1915.  Colorado  School  of  Mines,  E.  M.  1910-11, 
Draughtsman,  American  Pneumatic  Action  Co.,  Davenport,  la.  1911,  Transitman, 
A.  R.  Boudinot,  Davenport,  la.  1912,  Miner,  with  E.  P.  Arthur,  Jr.,  Cripple  Creek, 
Colo.  1913,  London  Mines  Co.,  Apex,  Colo.  1914.  Transitman,  City  £mg.  Office^ 
Davenport,  la.  1915,  Research  in  concentration  Titanium  Ores,  Titanium  Alloys 
Co.  in  connection  with  F,  W.  Traphagen,  Golden,  Colo.  1915-16,  Mgr.,  Gold  Reef 
Mines  Co. 

Present  position:  Mine  Supt.,  Juragua  Iron  Co. 

David  L.  Dunn,  Joplin,  Mo. 

Proposed  by  H.  A.  Buehler,  G.  B.  Corless,  A.  F.  Truex. 

Born  1881,  Braidwood,  111.  1897,  Grad.,  High  School,  WeurCity.  Kans.  1902-05, 
Asst.  Engr.,  Central  Coal  &  Coke  Co.,  Weir  City,  Kans.  1905-06,  Resident  Enn-., 
Central  Coal  &  Coke  Co.,  Bevier,  Mo.  1907-09,  Resident  Engr^  C.  E.  &  C.  Co., 
Huntington,  Ark.  1910-11,  Engr.,  and  Asst.  Su^t.,  C.  C.  &  CT  Co.,  Rock  Springs, 
Wyo.     1912,  Asst.  Chief  Engr.,  C.  C.  &  C.  Co.,  Kansas  City,  Mo.     1913,  Resident 
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Engr.,  C.  C.  k  C.  Ck).,  Pittsburg,  Kans.     1913-16,  Supt.,  C.  C.  &  C.  Co.  Mines,  Pitts- 
burg, Kans. 

Present  position:  Stockholder  and  Manager,  Spengeon  Tiger  M.  Co.  and  Bumble 
Bee  M.  Co. 

Harold  Clinton  Eddy,  San  Francisco,  Cal. 

Proposed  by  Arthur  F.  L.  Bell,  Albert  Burch,  M.  E.  Lombard!. 

Bom  1882,  Middleboro,  Mass.     1902-04,  Colorado  School  of  Mines.     1905,  Mass. 
Inst,  of  Technology.     1907-08,  Colorado  School  of  Mines.  E.  M.  1909-10,  Supt. 
Nevada  Belle  Helen  Mines  Co.    1910-11,  Supt.,  Orleans  Petroleum  Co.     1911-13, 
Victor  Electric  Co. 

Present  position:  1913  to  date;  Engr.,  Petroleum  Rectifying  Co.  of  California. 

Jay  L.  Emrich,  Duranso,  Colo. 

Proposed  by  F.  C.  Gilbert,  L.  R.  Clapp,  P.  A.  Mosman. 

Bom  1888.  New  York,  N.  Y.  1908-12,  Colorado  School  of  Mines,  E.  M.  1912, 
San  Pedro  Gold  and  Copper  Min.  Co..  San  Pedro,  N.  Mex.  1913,  American  Smelt.  & 
Ref.  Co.,  Leadville,  Colo.     1913-16,  American  Smelt.  &  Ref.  Co.,  Denver,  Colo. 

Present  position:  Chief  Chemist,  American  Smelt.  &  Ref.  Co. 

Fred  A.  Fair,  Boulder,  Colo. 

Proposed  by  M.  S.  Brandt,  R.  D.  George,  George  W.  Teal. 

Bom  1878,  Ottumwa,  la.  1898,  Grad.,  East  Denver  High  School.  189^1902, 
School  of  Mines,  Golden.  1905,  classified  minerals,  as  assistant,  Univ.  of  Colo., 
Boulder.  1903-04,  Asst.  Engr.,  George  Evans  Gold  Pan  Placer,  Breckenridge,  Colo. 
1905,  U.  S.  Deputy  Mineral  Surveyor,  Colo.  1906,  Charge  of  construction  city  water 
system  of  the  City  of  Boulder  $500,000  plant.  1907-08,  City  Engr.,  City  of  Boulder 
Colo.  1909-10,  County  Surveyor,  Boulder  Co.,  Colo.  1911,  Engr.,  Water  users 
District  #6,  Colo.  1912,  Engr.,  Boston  Colorado  Power  Co.,  Colo.  1913,  Engr., 
Welington  Mines,  Nevada.  1914,  Engr.,  Nona  Mines,  Leadville.  1915,  Engr., 
Yellow  Pine  and  Logan  Mines,  Boulder.  1916,  Engr.,  Chief  Engr.  for  Boulder 
TVmgsten  Production  Co.  Cons.  Engr.,  Tungsten  mountain  mine,  Logan.  Yellow 
Pine  and  Nona  group.  Also  County  Surveyor,  Boulder  County  and  if.  S.  Mineral 
Surveyor. 

Present  position:  Pres.  and  Genl.  Mgr.,  The  Fred  A.  Fair  Engrg.  Assn. 

T.  H.  Powers  Farr,  Jr.,  Jackson,  Cal. 

Proposed  by  Bradley  Stoughton,  Benjamin  B.  Lawrence,  Charles  F.  Rand. 

Bom  1886,  Orange,  N.  J.  1903-07,  Princeton  Univ.,  A.  B.  1907-09,  Columbia 
School  of  Mines.  1909,  Aug.  and  Sept.,  American  Smelters  Securities  Co.,  Velardina, 
Mexico.  1909-10,  Engr.,  American  Smelters  Securities  Co.,  Matehuala^  San  Luis 
Potosi.  1911-14,  Examination  and  development  work  for  private  individuals  in 
Ecuador  and  Southern  Colombia,  South  America. 

Present  position:  Argonaut  Mining  Co. 

Jolin  Brainard  Fidlar,  Tulsa,  Okla. 

Proposed  by  H.  F.  Wright,  W.  E.  Hopper,  Irving  Perrine. 

Bom  1892,  Davenport,  Iowa.  1916,  Iowa  State  College.  B.  S.  Besides  the  four- 
year  course  in  mining  engmeering,  I  received  a  year  of  graauate  work  in  geology  but 
did  not  write  a  thesis  necessary  for  a  Master's  degpree.     1915.  Iowa  Geological  Survey. 

Present  position:  Geol.,  Gypsy  Oil  Co.,  workmg  in  the  Oklahoma  fields. 

Royce  Albert  Field,  Newcastle.  N.  S.  W.,  Aust. 

Proposed  by  David  Baker,  G.  D.  Delprat,  E.  J.  Horwood. 

Bom  1889,  Lebanon,  Pa.  Public  Schools,  Lebanon,  Pa.  1905-09,  Lebanon  High 
School.  190^13.  Pennsylvania  State  College,  B.  S.  in  Engrg.  1908-12,  Summer 
work,  Lebanon  Furnaces,  Pennsylvania  Steel  Co.  1913-15,  blast  Furnace  Dept., 
Youngstown  Sheet  &  Tube  Co. 

Present  position:  1915  to  date;  Furnace  Foreman,  Blast  Furnace  Dept.,  Broken 
Hill  Proprietary  Co.,  Ltd. 

Martin  Fishback.  El  Paso,  Texas. 

Proposed  by  Kiroy  Thomas,  W.  G.  Swart,  D.  W.  Shanks. 

Bom  1870,  Gudum,  Stmer,  Denmark.  1876-90,  Grade  and  High  Schools  in 
Denmark  and  special  instruction  in  polytechnics.  1893-96,  worked  in  the  mines  in 
Colorado  while  making  a  special  study  of  geologv  and  mineralogy.  1896-99,  Asst. 
Mgr.,  Modoc  Cons.  Gold  Min.  Co.,  Boulder  Co.,  Colo.     1899-1900,  operated  in  Crip- 
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undergroiuid  experience,  Vinegar  Hill  Zinc  Co.      1914  to  date,  underground  and  sur- 
face workings,  Century  Zinc  Co.,  Joplin,  Mo. 

Present  position:  Asst.  Supt.,  Century  Zinc  Co.  ' 


¥ 


.  Gary  Lindley.  Douglas.  Ariz. 

Proposed  by  J.  Owen  Amoler,  H.  A.  Clark,  Carl  H.  Cole. 

Bom  1888,  Moberly,  Mo.  1903-06,  Moberly  High  School,  Moberly,  Mo. 
1906-07,  Hemet  High  School,  Hemet,  Cal.  1908-09,  Univ.  of  Oregon,  Eugene,  Ore. 
1910-13,  Univ.  of  Arizona,  Tucson,  Ariz.,  B.  S.  in  Metallurgy.  1910,  summer, 
Chainman,  U.  S.  General  Law  OflBce  Survey.  1911,  summer,  Custom  Aasayer,  E.  A. 
Jacobs,  Tucson,  Ariz.  1912,  summer,  Mine  Assayer  with  Fred  Tatum,  Oro  Blanco, 
Ariz.  1913,  Conveyor  Foreman,  C.  &  A.  Smelter,  Douglas,  Ariz.  1914,  Asst. 
Chemist,  C.  &  A.  Smelter,  Douglas,  Ariz.  1914-16,  Engr.,  National  Mines  &  Smelters 
Co.,  Magistral,  Dur.,  Mexico.     1916,  Chemist,  Douglas  Assay  Co.,  Douglas,  Ariz. 

rresent  position:  Met.  Acct.,  Calumet  and  Arizona  Smelter. 

Thayer  Lindsley,  New  York,  N.  Y. 

Proposed  by  Robert  Livermore,  Halstead  Lindsley,  C.  Q.  Payne. 

Bom  1882,  Yokohama,  Japan.  1895-1900,  Milton  Academy,  Milton,  Mass. 
1901-04,  Harvard.  A.  B.  &  S.  B.  1904^5,  Rodman,  Rapid  Transit  Commission, 
N.  Y.  1905-09,  Engaged  in  scouting,  and  employed  in  mines,  mills,  and  cyanide 
plants  in  Idaho,  Gjlorado,  Nevada  and  Mexico.  1910-12,  Exploration  and 
scouting  for  mines.  1913,  Scouting  Engr.  for  the  Tonopah  Min.  Co.  1914-16, 
Examination  and  geolo^cal  work,  Goodrich  Lockhart  Co.,  New  York. 
■  Present  position:  Mm.  Geol.,  Goodrich  Lockhart  Co. 

Robert  Davis  Longyear,  Minneapolis,  Minn. 

Proposed  by  E.  J.  Longyear,  John  E.  Hodge.  W.  J.  Mead. 

Bom  1892,  Petoskey,  Mich.  1910-14,  Williams  College,  A.  B.  1914-15,  Univ. 
of  Wisconsin,  M.  A.  1915-16,  Standford  Univ.  1912-14,  summer,  field  geoloK>', 
E.  J.  Longyear  in  Michigan.     1915,  Geol.,  E.  J.  Longyear  Co.,  Sudbury,  Ont. 

Present  position:  E.  J.  Longyear  Co. 

Alexander  Neil  Mackay,  Barranquilla,  Rep.  of  Colombia. 

Proposed  by  A.  L.  Blomfield,  T.  A.  Rickard,  Arthur  W.  Allen. 

Bom  1877,  Aberystwith,  England.  1892-95,  General  education  at  Eastbourne 
College,  Sussex,  England.  189^99,  Technical  education  at  The  Royal  School  of 
Mines,  London,  England,  graduating  as  Associate  R.S.M.  in  the  division  of  Mining. 
1900,  Asst.  Assayer,  Lake  View  Cons.,  Ltd^  Kalgoorlie,  W.  Aust.  1902-04,  Head 
Assayer  &  Cyanide  Mgr.,  Cosmopolitan  Proprietary,  Ltd.,  Kookyine.  W.  Aust. 
1905-07,  Asst.  Sampler,  Asst.  Survey  Office,  Head  Sampler,  successively,  on  East 
Rand  Proprietary  Mines,  Ltd^  Transvaal,  S.  Africa.  1908-11,  Asst.  Mgr.,  Cherokee 
Goldfields,  Ltd.,  San  Juhan,  Chih.,  Mex.  1912,  1915,  Surveyor,  Underground  M|^., 
Genl.  Supt.,  Frontino  &  Bolivia  (S.  A.)  Gold  Min.  Co.,  Ltd.,  La  Salada,  Antisquia, 
Rep.  of  Colombia,  S.  Amer. 

Present  position:  Genl.  Supt.,  Frontino  &  Bolivia  (S.  A.)  Gold  Min.  Co.,  Ltd. 

Bartlett  F.  Martin,  La  Harpe,  Kans. 

Proposed  by  E.  List.  H.  A.  Buehler,  Herbert  Taylor. 

Bom  1881.  ShelbyviUe,  111.  1898,  Common  schools.  1899-1903,  High  School. 
Shelbyville,  111.  1904-06,  Barnes  Med.,  St.  Louis,  Mo.  1906-08.  University  of 
Missouri.  1908-09,  Winona  Technical  Inst.  1909-11,  Chemist,  Illinois  Steel  Co. 
1911,  Met.,  Black  Hills  Smelt.  Co.  1911-14,  Chief  Chem.,  Hegeler  Bros.  Zinc  Co. 
1915,  Chemist  and  Met.,  U.  S.  Smelt.  Co. 

Present  position:  Chief  Chemist,  La  Harpe,  Kans.,  Zinc  Plant,  U.  S.  Smelt.  Co. 

Sylvester  Edward  Martin,  W^allaroo,  So.  Aust. 

Proposed  by  H.  Lipson  Hancock,  William  E.  Slee,  Albert  L.  Brown. 

Bom  1887,  Moonta,  So.  Aust.  1892-1901,  Primary  &  State  School  Education. 
1901-Or,  Technical,  Mechanical  and  Electrical  Engineering,  Surveying,  Draftsman's 
and  Chemical  Courses,  Moonta  School  of  Mines,  So.  Aust.  1910-14,  Technical, 
Mining  Engineering  Diploma,  International  Correspondence  Schools.  1901-03, 
Mechanical  Engineering  (Wallaroo  Mines),  Wallaroo  &  Moonta  Min.  A  Smelt.  Co., 
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Ltd.  1903-06,  Mechanical  and  Electrical  Engineering,  Wallaroo  &  Moonta  Min.  & 
Smelt.  Co.,  Ltd.  (Wallaroo  Smelt.  Works).  1906-09,  Engineering  Draftsman  & 
Surveyor  (Wallaroo  Smelt.  Works),  Wallaroo  &  Moonta  Min.  &  Smelt.  Co^  Ltd. 
1909-12,  Engineering  Draftsman  &  Surveyor  (Wallaroo  Mines),  Wallaroo  &  Moonta 
Min.  &  Smelt.  Co.,  Ltd.  1912-14,  Engineering  Draftsman  and  Surveyor  (Wallaroo 
Smelt.  Works),  Wallaroo  &  Moonta  Min.  &  Smelt.  Co.,  Ltd.  1907-16,  Instructor 
Mechanical  and  Maclune  Drawing,  Moonta  School  of  Mines,  evening  classes.  1915 
to  date:  Metallurgical  Staff,  Wallaroo  Smelt.  Works. 
Present  position :  Asst.  Met.,  Wallaroo  Smelt.  Works. 

Harry  Auld  Bell  Motherwell,  Clifton,  Ariz. 

Proposed  by  W.  F.  Geiger,  M.  S.  Mazany,  C.  E.  Arnold. 

Bom  1872,  Glasgow.  Scotland.  1885,  Glasgow  High  School.  1887-89,  1897- 
98,  Glasgow  and  West  of  Scotland  Technical  College,  1890,  Mill  worker  and  Chem- 
ist, Glengowan  Dyeing  and  Bleaching  Works,  Scotland.  1899,  Chemist,  Lake  George 
Copper  Mines,  N.  S.  W.,  Aust.  1901.  Chemist,  Hercules  Gold  and  Silver  Mines, 
Tasmania.  1902,  Chemist.  Great  Cooar  Copper  Mines,  N.  S.  W.,  Aust.  1909, 
Chemist  and  Genl.  Asst.,  Scottish-Cardigan  Lead  Mines,  Wales.  1910,  Genl.  Asst. 
to  Chief  Engr.,  Angola  Exploration  Syndicate,  Angola,  S.  W..  Africa.  (Messrs. 
Parrar  Bros..  London).  1911,  Assay er  and  Cyanider,  Taquah  Gold  Mine  &  Explora- 
tion Co.,  Gold  Coast,  W.  Africa.  1912-13,  Aisst.  Engr.  and  Chemist^  Western  Orufu 
Mines^  Northern  Nigeria,  W.  Africa.  1914-15,  Met.  clerk,  and  mill  operator,  In- 
spiration Cons.  Copper  Co.,  Ariz.  1915-16,  Chemist,  International  Smelt.  Co., 
Ariz. 

Present  position:  Smelter  Chemist,  Arizona  Copper  Co. 

Robert  Aldridge  Nowlin,  Elkhom,  W.  Va. 

Proposed  by  John  J.  Lincoln,  H.  D.  Smith,  Howard  N.  Eavenson. 

Bom  1888,  Lynchburg,  Va.  1910,  Virginia  Mil.  Inst.,  B.  S.  in  Civ.  Engrg.  191 1- 
12,  Student,  Civ.  Engrg.  course,  Mass.  Inst,  of  Tech.  Several  summers  prior  to  1906, 
Rodman  and  Chainman,  with  Maurice  Garland,  Lynchburg,  Va.  1910.  surveying, 
mapping,  building  coal  washery,  reconstructing  tipple,  etc.,  responsible  for  wo& 
durmg  aosence  of  Chief  Engr.,  Rodman  and  Transitman,  Freebum  Colliery,  Edgar- 
ton,  W.  Va.  1910-11,  general  mining  construction,  surveying,  office  work,  plotting 
surveys,  designing  small  trestles,  etc.,  Transitman  and  Draftsman,  Vest  &  Cooper, 
Welch,  W.  Va.  1911,  Draftsman,  Pocahontas  (Va.)  Cons.  Collieries  Co.,  principally 
mine  work.  1912,  summer,  Transitman  and  Draftsman,  C.  L.  DeMott,  Lynchburg, 
Va.  1913-14,  general  mining  engineering,  Glen  Alum  Coal  Co.,  Glenalum,  W.  Va. : 
Transitman  for  this  company  and  Gilliam,  Arlington  Shawnee,  and  Black  Wolf  Coal 
&  Coke  Companies,  next  to  Chief  Engr.  for  these  companies;  construction  work  at 
Glen  Alum  Coal  Co.  included  opening  a  new  piece  of  territory,  tramway,  830-ft.  steel 
conveyor,  steel  tipple,'railroad  tracks,  etc.,  at  Gilliam  Coal  &  Coke  Co.  a  picking  table 
was  add^  to  old  tipple,  tracks  changed,  and  walls  built. 

Present  position:  1914  to  date;  Min.  Engr.,  Crozer-Land  Assn. 

Harry  Fordham  Noyes,  Newcastle,  N.  S.  W.,  Aust. 

Proposed  by  H.  D.  Hibbard,  G.  D.  Delprat,  David  Baker. 

Bom  1881,  Newton.  1900,  Newton  High  School.  1904,  Mass.  Inst,  of  Tech.. 
Dept.  of  Min.  &  Met.,  S.  B.  1904-06,  Blast  Furnace  and  Bessemer  Dept.,  Maryland 
Steel  Co.  1906-10,  Night  Supt.,  New  Jersey  Zinc  Co.,  Palmerton,  Fa.  1910-11, 
Supt.  of  Blast  Furnace,  Princess  Furnace  Co.,  Glen  Wilton,  Va.  1911-14,  Genl. 
Supt.,  Dayton  Coal  and  Iron  Co.,  Dayton,  Tenn. 

Present  position:  Supt.  of  Blast  Furnaces,  Broken  Hill  Prop.  Co.,  Ltd. 

Walter  S.  Palmer,  Reno,  Nev. 

Proposed  by  George  J.  Young,  J.  C.  Jones,  Bradley  Stoughton. 

Bom  1884^  Waterville,  Me.  1905,  Univ.  of  Nevada,  B.  S.  in  Min  and.  Met. 
1907,  Columbia  School  of  Mines,  E.  M.  1905,  Greene  Cons.  Copper  Co.,  Cananea, 
Mex.  1906,  Mining  and  Metallurgical  practice  in  the  field,  summer  months,  Virginia 
City,  Nev.,  and  Wflkes-Barre,  Pa.  1907-08,  Mine  Survevor,  U.  S.  Smelt.,  Ref.  and 
Min.  Co.,  Mammoth,  Cal.  1908-09,  Asst.  Chemist,  Balaklala  Cons.  Copper  Co., 
Coram,  Cal.  1909-10.  Min.  Engr.,  U.  S.  General  Land  Office.  1910-13,  Instmctor 
in  Mining  and  Metallurgy,  Univ.  of  Nev.  1910,  Chemist  and  Assayer,  Nevada 
State  Mining  Laboratory.     1913,  Asst.  Prof,  of  Mining  and  Metallurgy,  Univ.  of  Nev. 

Present  position:  Chemist  and  Assayer,  Nevada  State  Mining  Laboratory  and 
Aflst.  Prof.,  Mining  and  Metallurgy,  Mackay  School  of  Mines. 
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George  S.  Patterson,  Edwards*  N.  Y. 
Proposed  by  Homer  L.  Carr,  William  Campbell,  E.  J.  Hall. 
Bom  1892,  Denver,  Colo.     1914.  Columbia  School  of  Mines,  E.  M.     1914-16, 
underground  mining  operations  and  surveying,  New  Jersey  Zinc  Co. 
Present  position :  Northern  Ore  Co. 

Tolin  Lathem  Pearson,  Wallaroo  Mines,  So.  Aust. 

rroposed  by  H.  Lipson  Hancock,  William  E.  Slee,  Albert  L.  Brown. 

Bom  1871,  AlstoUj  Cumberland,  England.  1877-84,  Attended  Church  of  EngUnd 
Day  School  and  Pubhc  Schools,  England.  1885-87,  Studied  Mathematics  at  a  Night 
School,  Moonta  Mines,  S.  Amer.  1891-94,  1898-1901,  Attended  classes  at  Moonta 
School  of  Mines  in  Mine  Surve3ring,  Mineralogy,  Metallurgy,  Assaying,  Mechanical 
Drawing,  Steam  and  Practical  Chemistry.  1885-89,  EmjHoyed  in  Moonta  Mining 
Company's  Workshops  at  Moonta  Mines,  S.  A.  1889-93,  underground  work  at 
Moonta  Mines.  1893-95,  Asst.  in  Survey  Dept.,  Wallaroo  &  Moonta  Min.  A  Smelt. 
Co.,  Wallaroo  and  Moonta  Mines.  1895-98,  In  charge  of  prospecting  operations  at 
KalgoorHe,  Kanowna  and  Menzies,  Westem  Aust.  1898-1902,  Underground  survey 
work  and  sectional  supervision  of  general  mining  work  for  Wallaroo  &  Moonta  Min. 
&  Smelt.  Co.  1902-03,  Asst.  Mme  Mgr^^Nth.  Lyell  Mine,  Tasmania.  1903-09, 
Mine  Mgr.,  Queensland  Copper  Co.,  Mt.  Perry,  Queensland.  1910,  Six  months  as 
Mine  Mgr.  at  Mt.  Jasper  Mme,  Heazlewood,  Tasmania.  1910-15,  Asist.  underground 
officer  at  Wallaroo  Mmes. 

Present  position:  1915  to  date;  Chief  undergroimd  officer.  Wallaroo  Mines. 

Fred  Hough  Perkins,  Glendale,  Ariz. 

Proposed  by  Thomas  Armstrong,  W.  E.  Defty,  F.  W.  libbey. 

Bom  1876,  Kansas  City,  Mo.  1886-92,  Ward  School,  Kansas  City,  Mo.  1893-96. 
High  School,  Kansas  City,  Mo.  1897-99,  Missouri  School  of  Mines,  B.  S.  in  General 
Science.  1900.  Missouri  School  of  Mines,  B.  S.  in  Min.  Engrg.  1898,  summer,  L.  X. 
Smith  Assay  Office,  Cripple  Creek,  Colo.,  also  Rio  Grande  Sampler  of  that  place. 


Utah.  1902-03,  Cons.  Engr^  Red  Win^  and  Utah  Apex  Min.  Cos.,  Bingham  Canyon, 
Utah.  1904.  General  Min.  Engrg.  specializing  in  mme  Utigation.  1905,  Min.  EIngr., 
Blue  Ledge  Min.  Co.,  Jacksonville,  Ore.  1907-08,  County  Engr.,  Jackson  Co.,  Ore. 
1909-15,  General  practice  of  Mine  Engrg.  in  Arizona. 

Present  position:  1915  to  date;  Gem.  Mgr.  Shamrock  Cons.  Min.  Co.,  Castle  Hot 
Springs,  Ariz. 

Ocha  Potter,  Houghton.  Mich. 

Proposed  by  A.  H.  Wohlrab,  F.  W.  Paine,  Reginald  E.  Hore. 

Born  1878,  Sherwood,  Wis.  1911,  Michigan  College  of  Mines,  B.  S.  1905-09, 
Mgr.,  Houghton- Alaska  Exploration  Co. 

Present  position:  1909  to  date;  Supt.,  Superior  Copper  Co.  and  Chief  Efficiency 
Engr.,  Calumet  &  Hecla  and  associated  mines. 

Walter  C.  Rea,  Ruth,  Nev. 

Proposed  by  H.  L.  Handley,  George  R.  Hilby,  W.  S.  Larsh. 

Bom  1893,  Gallatin,  Mo.  1913,  Preparatory  work,  Wentworth.  1914,  Prepara- 
tory work.  Military  Academy,  Lexington,  Mo.  1914,  Mackay  School  of  Mines,  Univ. 
of  Nevada,  Reno,  Nev.  1914-15,  Surveyor,  Buckhom  Mines  Co.,  Buckhom,  Nev. 
1915,  Met.  Experiments,  Golden  Cycle  Mill,  Colorado  Springs,  Colo.  1915  to 
present,  General  Engineering  and  Chemist,  Nevada  Cons.  Copper  Co.,  Ruth,  Nev. 

Present  position:  Engr.,  Ruth  Mine. 

Donald  Duryea  Reed,  Kadina,  South  Australia. 

Proposed  by  H.  Lipson  Hancock,  William  E.  Slee,  Albert  L.  Brown. 

Bom  1890,  Wallaroo  Mines,  South  Australia.  1895-1904,  Public  School,  Wal- 
laroo Mines.  1904-06,  District  High  School,  Moonta.  190fr-10,  Technical— School 
of  Mines,  Moonta,  Depts.  of  Drawing,  Chemistry,  Assaying  &  Mineralogy.  1906- 
11.  Met.  Assay  Dept.  (Wallaroo  Smelt.  Works)  &  Chemical  Laboratory  (Wallaroo 
Mmes),  Wallaroo  &  Moonta  Min.  &  Smelt  Co.,  Ltd.  1911-16,  Assisting  in  Super- 
vising at  Converter  &  Electrolytic  Departments.  1915  to  date:  Mathematical 
Instructor,  Moonta  School  of  Mines,  evening  classes. 

Present  position :  Asst.  Met.,  Wallaroo  Smelt.  Works. 
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Charles  Ramsay  Rinehart.  Allentown,  Pa. 

Proposed  by  F.  L.  Antisell,  S.  Skowronski,  Edward  Heller. 

Bom  1875.  Uniontown,  N.  J.  1899,  Grad.,  Lafayette  College,  Civ.  Engr.  Tippett 
A  Wood,  Phillipsburg,  N.  J.  Great  Northern  Portland  Cement  Co^  Marlboro,  Mich. 
Hudson  Portland  Cement  Co.,  Hudson,  N.  Y.  Seaboard  Portland  Cement  Co.,  Alsen, 
N.  Y.  Lehigh  Car,  Wheel  and  Axle  Works^  Catasauqua,  Pa.  Fuller  Engineering  Co., 
AUentown,  Pa.    Lehish  Foundry  and  Lehigh  Stoke  Co.,  Catasauqua,  Pa. 

Present  position:  New  York  Representative,  Lehifth  Car.  Wheel  and  Axle  Works, 
Catasauqua,  Pa.;  Fuller  Engineering  Co.,  AUentown,  Pa.;  Lenigh  Foundry  and  Lehigh 
Stoke  Co.,  Catasauqua,  Pa. 

Bernard  T.  Rocca,  Mayer,  Ariz. 

Proposed  by  J.  L.  White,  J.  N.  D.  Gray,  A.  F.  Bassett. 

Bom  1892,  Great  Western  Q.  S.  Mine,  Lake  Co.,  Cal.  1916,  Univ.  of  Cal..  B.  S., 
College  of  Mining.  1914,  General  work,  surface  and  underground,  Helen  Quicksilver 
Mine,  Lake  Co.,  Cal.  1915  to  date,  surveying,  assaying,  araughting,  Cons.  Arizona 
Smelt.  Co.,  Humboldt,  Ariz. 

Present  position :  Engr.,  Bluebell  Mine,  Cons.  Ariz.  Smelt.  Co. 

m 

C.  Floyd  Sapper.  Herculaneum,  Mo. 

Proposed  by  William  Allen  Smith,  Franz  Cazin.  S.  Paul  Lindau. 

Bom  1886,  St.  Louis,  Mo.  Grammar  School^  St.  Louis.  1908-lOj  Univ.  of  Mis- 
souri, Mech.  En^rg.  1910-15.  Univ.  of  Missouri,  specialized  in  chemistry  and  allied 
subjects.  Substituted  credit  irom  Univ.  of  Missoun  for  high  school  credit.  1904-06, 
Mill  Machine  and  Tool  Co.,  St.  Louis.  1906-08.  Engrg.  Dept.,  Century  Electric  Co., 
St.  Louis.  1911,  summer,  Mech.  Dept.,  Curtis  «  Co.  Mfg.  Co.,  St.  Louis.  1912-13, 
summers.  Drafting,  Herculaneum  plant,  Engrg.  Dept.,  St.  Joseph  Lead  Co. 

Present  position:  1914  to  date,  Engrg.  Staff,  St.  Joseph  Lead  Co. 

Matthew  Johnston  Scammell,  Sparrows  Point,  Md. 

Proposed  by  Quincy  Bent,  Charles  F.  Rand,  Edgar  C.  Felton. 

Bom  1883,  Trenton,  N.  J.  1900,  High  School,  Trenton,  N.  J.  1905,  Lafayette 
College,  Easton,  Pa.,  B.  Sc.  Roebling  Sons'  Co.,  Trenton,  N.  J.  Republic  Iron  & 
Steel  Co.,  Youngstown.  O.  Carnegie  Steel  Co.,  Youngstown,  O.  M^aryland  Steel 
Co.,  Sparrows  Point,  Md. 

Present  position:  Genl.  Supt.,  Maryland  Steel  Co. 

Anton  Schneider,  Brewster,  Polk  Co.,  Fla. 

Proposed  by  David  Taylor,  Benjamin  L.  Miller,  George  W.  Engel. 

Bora  1871,  Summit  Hill,  Pa.  1892,  Lehigh  Univ.,  C.  E.  1892-98,  Union  Pacific 
R.  R.  1898-99,  U.  S.  Engineers  at  Honolulu.  1899-1902,  Manhattan  Ry.  Co., 
New  York.  1902-04,  Cerro  de  Pasco  Co.,  Pem,  So.  Amer.  1904-05,  Alphons  Curtis 
Chimney  Const.  Co.  1905-08,  Div,  Engr.,  East  River  Tunnels,  Rapid  Transit 
Subway  Const.  Co.,  New  York.     1908-11,  Supt., Pierce  Phosphate  Co.,  Fla. 

Present  position:  1911  to  date;  Supt.,  Amalgamated  Phosphate  Co. 

Arthur  S.  Shoff stall,  New  Brighton,  Staten  Island,  N.  Y. 

Proposed  by  Robert  S.  Stanley,  Walter  O.  Snelling,  E.  T.  McCleary. 

Bom  1876.  Jefferson  Co.,  Pa.  1895,  Public  Schools,  Brookville,  Pa.  1895-96, 
Preparatory  Dept.,  The  Pennsylvania  State  College.  1896-1900,  The  Pennsylvania 
State  College,  School  of  Natural  Science,  B.  S.  1905^^  M.  S.  1900-01,  Asst.  in  the 
Chemical  Laboratories.  The  Pennsylvania  State  College.  1903-05,  Instructor, 
Dept.  of  Chemistry,  The  Pennsylvania  State  College.  1905-07,  Supt..  Sulphuric 
Acid  Plants,  E.  I.  duFont  Powder  Co.,  Gibbstown,  N.  J.  1907-08,  Supt.,  Acid  Plants, 
Naval  Proving  Ground,  Indian  Head,  Md.  1908-10,  Technical  Staff^  Orford  Copper 
Co.,  Bayonne,  N.  J.  1910-13,  Supt.,  Sheet  Mill  Dept.,  The  International  Nickel  Co., 
Bayonne,  N.  J. 

Present  position:  Research  Engr.,  The  International  Nickel  Co.,  Bayonne,  N.  J. 

Ellsworth  H.  Shriver,  Gillham,  Sevier  Co.,  Ark. 

Proposed  by  George  A.  Morrison,  C.  W.  A\  hitley,  J.  H.  Frantz. 

Bom  1890,  Washington,  Pa.     1909,  Martins  Ferry  High  School.     1914,  Engr.  of 
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Mines,  The  Ohio  State  Univ.  1911,  Genl.  Engrg.  with  W.  C.  Fawcett,  C.  E.,  Martins 
Ferry,  O.  1911-12,  Asst.  County  Engr.,  Belmont  Co.,  O.  1913,  Genl.  Min.  Engrg.. 
Bellaire,  O.  1914,  Investigation  Coal  Lands,  East  Ky.,  for  Major  J.  A.  Kirkpatrick, 
Springfield,  O.  1914-15,  Asst.  Dept.  Mine  Eng.,  The  Ohio  State  Univ.  1915-16, 
Investigation  Mineral  Lands  and  Water  Power  Sites,  The  Ohio  State  Univ. 
Present  position:  1916  to  date;  Met.,  The  American  Star  Antimony  Co. 

Daniel  Sillars,  Yorkshire,  Ensland. 

Proposed  by  W.  R.  Walker,  J,  E.  Stead,  William  Thomlinson. 

Bom  1879.  Glasgow,  Scotland.  Three  years  apprenticeship  with  Messrs.  R.  R. 
Gatlock  and  Thomson,  City  Analysts  of  Gla^ow.  Two  years  Metallurgy,  Glajsgow  A 
West  of  Scotland  Technical  College,  Senior  Prizeman.  Eight  years  jVtetallurgical 
Chemist,  William  Beardmore  &  Co.,  Ltd.,  Parkhead  Forge,  Glasgow.  Five  years. 
Chief  Chemist,  Messrs.  Seaton  Carew  Iron  Co^  Ltd.,  West  Hartlepool. 

Present  position:  Chief  Chemist,  Messrs.  Bolckow  Vaughan  A  Co.,  Ltd.,  Cleve- 
land Iron  &  Steel  Works,  South  Bank  S.  O.,  Yorkshire. 

Laurence  Heck  Stone,  Easton,  Pa. 

Proposed  by  Ralph  H.  Sweetser,  Harry  P.  Sweeny,  W.  Spencer  Hutchinson. 

Bom  1889,  Easton,  Pa.  1909,  Grad..  Easton  High  School.  1913,  Grad.,  Lafay- 
ette College.  E.  M.  1911,  siunmer,  Macninist  Helper,  Erection  shop,  ingersoll-Rand 
Co..  Philipsourg,  N.  J.  1912,  summer.  Rod  and  Chain,  Genl.  Mgrs.  C^rps,  Lehigh 
Valley  R.  R.  1913,  Transitman  and  Surveyor,  Wilkes-Barre  Anthracite  Coal  Co., 
Wilkes-Barre,  Pa.  1913-14,  Asst.  Mine  Surveyor,  Thomas  Iron  Co.,  Richard  Mine. 
Wharton.  N.  J.  1914-15,  Mine  Surveyor  and  Engineer,  Thomas  Iron  Co.,  Richard 
Mine,  Wnarton,  N.  J. 

Present  position:  1915  to  date;  Asst.  Supt.,  and  Engr.,  Thomas  Iron  Co.,  Richard 
Mine. 

Charles  H.  Thole,  Rye  Valley,  Ore. 

Proposed  by  L.  A.  Walker,  Frank  W.  Parker,  A.  W.  MacNichol. 

Bom  1878,  Dwight,  111.  1896,  High  School.  1896-98,  So.  Dakota  School  of 
Mines.  1898-1902,  underground,  Homestake  Min.  Co^  Lead,  S.  D.  1905-06. 
Mine  Foreman.  Desert  King  Min.  Co.,  Ballarat,  Cal.  1907,  underground.  City  of 
Los  Angeles,  Fmgrg.  Dept.  1908,  Leasing,  Aurora,  Nev.  1909-10,  Sampler,  Shift 
boss.  A^yer,  Ruby  Gulch  Min.  Co.,  Zortman,  Mont. 

Present  position:  1912  to  date;  Mill  Foreman,  Rainbow  Mine. 

Tames  Ezra  Thoms,  Depue,  111. 

Proposed  by  Robert  H.  Richards,  W.  M.  Kelsey,  D.  C.  Wray. 

Bom  1883,  Three  Rivers,  Mich.  Public  Schools.  1905-06.  Michigan  College 
of  Mines.  1908-10,  Engr.,  Live  Oak  Dev.  Co.,  Globe,  Ariz.  1910-13,  Asst.  Supt., 
U.  S.  Gypsum  Co.,  Gypsum,  O. 

Present  position :  1913  to  date;  Asst.  Chief,  MilHng  and  Roasting  Dept.,  Mineral 
Point  Zinc  Co. 

Adolph  F.  Zang,  Denver,  Colo. 

Proposed  by  Irving  T.  Snyder,  D.  W.  Brunton,  A.  E.  Carlton. 

Born  1890,  Denver  Colo.     1913,  Cornell  Univ^  A.  B. 

Present  position:  Director  and  Asst.  Treas.,  The  Vindicator  Cons.  Gold  Mining 
Co.:  Secy^  The  Cresson  Cons.  Gold  Min.  &  Mul.  Co.,  both  of  Cripple  Creek,  Colo. 
In  Bond  Dept.,  The  German  American  Tmst  Co.,  Denver. 

Associate  Members 

Walter  S.  McKee,  Chicago,  111. 

Proposed  by  A.  C.  Ludlum.  Newton  Cleaveland,  Charles  Janin. 

Bom  1876,  Watervleit,  Mich.  1883-87,  Grammar  School,  St.  Charles,  111.  1887- 
96,  High  School,  Browning,  Mo.  1900,  International  Correspondence  School,  Course 
m  draifting.  1897-99.  Asst.  Cashier,  Citizens  Bank,  Aledo,  111.  189^1900,  Asst. 
credit  man,  A.  G.  Spalding  &  Co.,  Chicago.  1900-01,  In  the  accounting  department, 
The  Sargent  Co.,  Chicago.  1901'-02,  Salesman,  The  Sargent  Co.,  Chicago.  1902-10, 
Sales  Mgr^  Steel  Foundry  Dept.^  American  Brake  Shoe  and  Foundry  Co.,  Chicago.' 
1910-11,  Genl.  Sales  Mgr.,  American  Manganese  Steel  Co.,  Chicago. 

Present  position:  1911  to  date;  Vice-Prcs.,  American  Manganese  Steel  Co. 
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Carlos  Enrique  Michels,  Huanuni,  BoUvia,  So.  Amer. 

Proposed  by  William  Braden,  Henrv  G.  Ferguson,  Ira  B.  Joralemon. 

Bom  1889,  lima,  Peru.  1904,  Institute  de  Humanidades,  Santiago,  Chile. 
1906-07,  Draughtsman,  Braden  Ck)ppcr  Co^  Chile.  1907-09,  Asst.  to  Chief  Engr., 
Braden  Copper  Co..  Chile.  1910-12,  Met.  Dept.,  Braden  Copper  Co.,  Chile.  1913- 
14,  Asst.  Supt.,  Llallagua  Tin  Mines,  Bolivia. 

Present  position:  1915  to  date;  Supt.,  Met.  EstabUshment  and  Mill,  Simon 
Patino  Tm  Mines. 

T.  E.  Snyder,  Hazelton,  Pa. 

Proposed  by  A.  B.  Jessup,  Charles  Enzian,  J.  M.  Humphrey. 

Bom  1857,  St.  Johns,  Pa.  Midvalley  Coal  Co.,  Wilburton,  Pa.  Maryd  Coal  Co., 
Maryd,  Pa.  J.  S.  Wentz  &  Co.,  Hazle  Brook,  Pa.  Upper  Lehigh  Coal  Co.,  Upper 
Lehigh,  Pa. 

Present  position:  General  Manager. 

Roger  W.  Straus,  New  York.  N.  Y. 

Proposed  by  Judd  Stewart.  P.  A.  Mosman.  Willard  S.  Morse. 
Bom  1891,  New  York.     1913,  Princeton,  litt. 

Present  position:  Asst.  to  Chairman,  Board  of  Directors,  American  Smelt.  &  Ref. 
Co. 

Gustave  C.  Taussig,  St.  Louis,  Mo. 

Proposed  by  George  O.  Carpenter,  Herman  Garlichs,  Arthur  P.  Watt. 
Bom  1884,  St.  Louis,  Mo.     1902,  Grad.,  St.  Louis  High  School. 
Present  petition:  Asst.  Secy.,  St.  Louis  Smelt.  &  Ilef.  Co. 

Frank  J.  Gustin,  Salt  Lake  City,  Utah. 

Proposed  by  Emest  Gayford,  C.  W.  Whitley,  C.  W.  Stimpson. 

Bom  1877,  Princeton,  111.  1897,  L.  L.  B.,  University  of  Nebraska.  Member  of 
American  Bar  Association;  Utah  State  Bar  Association;  American  Institute  of  Crimi- 
nal Law.  Interested  directly  and  indirectly  with  a  number  of  mining  companies. 
Member  of  the  Bar  of  the  States  of  Nebraska,  Utah,  Nevada,  Idaho  and  United 
States  Supreme  Court. 

Present  position:  Attorney  at  Law.  Member  of  the  firm  of  Gustin,  Gillette  &, 
Broyton. 

Junior  Members 

Harlowe  Hardinge,  Ithaca,  N.  Y. 

Proposed  by  H.  W.  Hardinge,  R.  B.  T.  Kiliani,  Ronald  Clark. 

Bom  1894,  Denver,  Colo.  1910-12,  Attended  Tome  School,  Port  Deposit,  Md. 
Have  been  on  a  considerable  number  of  extensive  trips  and  have  assisted  in  the  opera- 
tion of  Hardinge  conical  mills  at  a  number  of  plants. 

Present  position:  1912  to  date;  Sibley  College,  ComeU  Univ. 

Richard  Paul  Ernst  Hennsdorf ,  New  York,  N.  Y. 

Proposed  by  William  Campbell,  E.  J.  Hall,  Charles  P.  Berkey. 

Bom  1896,  New  York.  N.  Y. 

Present  position:  Student,  Met.  Engrg.,  Columbia  Univ. 

Charles  Francis  "^^lliams,  Chivatera,  Son.,  Mex. 

Proposed  by  John  A.  McDonald,  A.  S.  Konselman.  W.  A.  Richelsen. 

Bom  1394,  Mansfield,  O.  1914,  Grad.,  St.  John's  Military  Academy,  Delafield, 
Wis.  1914  and  1915,  New  Mexico  State  School  of  Mines.  1915,  Colorado  School 
of  Mines.     1916,  Asst.  to  Met.  Engr.,  Chino  Copper  Co.,  Hurley,  New  Mexico. 

Present  position :  Mine  Engr.,  Cananea  Cons.  Copper  Co. 

Change  of  Status — From  Associate  Member  to  Member 

Edmund  Mozier  King,  Leura,  Launceston,  Tasmania. 

Bom  1848,  Launceston,  Tasmania.  1889-1902,  College  Saint  Croix,  Aux.  terms, 
Paris.     1902-06,  Church  of    England  Grammar  School,  Launceston,  Tasmania. 
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Studied  Chemistry  under  R.  N.  Hobart.  1887  to  date:  Director,  Mt.  Bischoff  Tin 
Min.  Co.  1886-1915,  Director,  Tasmania  Gold  Min.  and  its  reconstruction  until 
liquidated.  1897  to  date:  Director,  Tasmania  Copper  Co.  (at  present  Chairman) 
situated  at  Rosebery,  West  Coast  of  Tasmania.  Foundation  member  of  the  Australian 
Institute  of  Min.  Engrs. 

Present  position:  Director  of  various  mining  companies. 

From  Junior  Member  to  Member 

William  Cristy  Pryer,  Anaconda.  Mont. 

Proposed  by  C.  R.  Wraith.  Enoch  A.  Barnard,  Albert  E.  Wiggin. 

Bom  1890,  Falmouth,  Mass.  1914,  So.  Dak.  School  of  Mines,  B.  S.  1914, 
Assay^  Titanic  Min.  Co.,  Deadwood,  S.  Dak.  1915,  Prospect  examination  witb 
S.  R.  Tnompson,  Dead  woody  S.  Dak.  1916,  Testing  Dept.  and  Chemist,  Anaconda 
Copper  Min.  Co. 

Present  position:  Chemist,  Anaconda  Copper  Min.  Co. 

Change  of  Address  op  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Aug.  1,  1916  to  Sept.  10,  1916. 

This  list  together  with  the  Ust  published  in  Bulletin  Nos.  110  to  116, 
February  to  September,  1916,  and  the  foregoing  Ust  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to  Jan.  1, 
1916  and  brings  it  up  to  the  date  of  Sept.  10,  1916. 

Ahlers,  R.  O.,  1-4  Norfolk  Hous^?,  Laurence  Pountney  Hill,  London,  E.  C,  England. 

Allen,  Arthxtb  Watts Instructed  to  hold  everything. 

Ambler,  Harbt  A Box  540.  RoUa,  Mo. 

Anderson  Robert  John,  Asst.  to  Prof.  Henry  M.  How3,  Broad  Brook  Road, 

Bedford  ffilla,   N.   Y. 

Afplegate,  J.  S Material  Engr.,  Wagner  Electric  Mfg.  Co.,  St.  Louis,  Mo. 

Atherton,  T.  W.  T Kagesman,  Kars^  Obi,  Russia. 

Bassbtt,  Thomas  E 236  Park  St.,  rontiac,  Mich. 

Belden,  S.  B.,  Vice-President,  The  Jeffrey  Manufacturing  Co.,'  Columbus.  Ohio. 

Benham,  W.  M Co.  H,  1st  Ariz.  Infantry,  Fort  Huachuca,  Arix. 

BiCKNELL,  Harold  Lewis Hennessy  Annex,  Butte,  Mont. 

BiLLTCK,    Don    C Box    99,    Alturas,    CaL 

BoNSiB,  R.  S U.  S.  Metals  Refining  Co.,  East  Chicago,  Ind. 

Boydell,  H.  C,  Prestea  Block  A.,  via  Seccondee,  Gold  Coast  Colony,  W.  Africa. 

Bradley,  Henry  F 11  Bransford  Apartments,  Salt  Lake  City,  Utah 

Bridge,  Samttel  D.,  Care  Patricio  Milmo  e  Hiios.  Sues.,  Banqueros,  Monterrey,  Mex. 

Buell,  L.  T Ore  Trading  Co.,  Ltd^.,  Casilla  851    Antofogasta^   Chile. 

Callen,  a.  S Hold  pubhcations 

Careaga,  C.  R Calle  de  la  Florida  5,  Seville,  Spain. 

CARPBNf er,  Edwin  Leon Box  397,  Salisbury,  Md. 

Carstenb.  Carl  Eberhard 400  W.  4th  St.^Jlnaconda,  Mont. 

Chatin,  August  H Box  424,  Walsenburg,  Colo. 

Claghorn,  James  L Forks  of  Salmon,  Siskiyou  Co.,  CaL 

Clapp,  C.  H.,  Prof,  of  Geol Montana  State  School  of  Mines,  Butte,  Mont. 

Clarke,  Edgar  W 622  Second  Ave.,  Johnstown,  Pa. 

Cob,  Ira  J 362  Euclid  Ave^  Oakland,  Gal. 

Cole,  A.  Newton H.  Koppers  Co.,  Care  United  Furnace  C5o.,  Canton,  O. 

Cunningham,   Noel 200  5th  Ave.,   New  York,   N.   Y. 

CusHiNO     Daniel 17    Fairview    St.,    Waterbury,    Conn. 

Dammann,  a.   C 5410  Wayne  Ave.,   Chicago.   IlL 

Davis,  John  A U.  S.  Bureau  of  Mines,  Washington,  D.  C. 

DiCKMAN,  Robert  N 170  Bay  St.,  St.  Augustine,  Fla. 

Doyle,  John  J Cosden  Oil  &  Gas  Co.j  Drawer  P,  Tulsa,  Okla. 

Du  Moulin,  Walter  Louis,  Mech.  Engr.,  Andes  Copper  Mming  Co., 

Chanaral,  Chile,  South  America. 
Dwter,  C.  Eustace Federal  Min.  &  Smelt.  Co.,  Wallace,  Idaho. 
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Dye,  a.  v.,  Asst.  Genl.  Mgr Phelps^  Dodge  &  Co.,  Douglas,  Aris. 

Eamss,  Lutheb  B Hollinger  Gold  Mines,  Ltd.,  Timmins,  Ont^  Canada. 

Eldredob,  Robert  B Ray  Cona.  Copper  Co.,  Kay^  Aria. 

Emert,  William,  Jr Natalie,  Pa. 

Emmons,   N.   H.,    Mgr Tennessee    Copper   Co.,  Copperhill,   Tenn. 

FiLTBAU,  Charles  A St.  Lawrence  Talc  Co.,  Natural  Bridge,  N.  Y. 

Fisher,  Howell  T 6  Spring  Lane,  Englewood,  N.  J. 

FoESTSR,  Hallard  W.,  Care  Tigre  Mining  Co.,  Esqueda,  Son., 

Mexico,  via  Douglas,  Ariz. 

Fox,  Walter  V Coralbut  Mining  Co^  Joplin,  Mo. 

FuKETA,  F., Mitsubishi  Kaisha,  Mining  Dept^  Marunouchi,  Tokyo,  Japan. 

Ganthier,  C.  B P.  O.  Box  252,  Tucson,  Ariz. 

Gee,  J.  Emerson 304  H.  W.  Hellman  Bldg.JLos  Angeles,  Cal. 

Grant,    Bertram 615    Market    St..    Wilmington,    Del. 

Grbit,  Adolph  Julius Calle  13  Y  6.  Veaado,  Habana,  Cuba. 

Gross,  John,  Mining  and  Metallurgical  Engr.,  423  McPnee  Bldg.,  Denver,  Colo. 

Grubnau,    v.    Carl 114    Arch    St.,    rhiladelphia,    Pa. 

Guernsey,  John  B 132  W.  4th  St.,  New  York,  N.  Y. 

GuiTERMAN,  Kenneth  S.,  Selby  Smelting  &  Lead  Co., 

804  Merchants  Exchange  Bldg.,  San  Francisco,  Cal. 

Haldeman,  G.  T Hold  publications. 

Hamilton,  C.  W.,  Mexican  Gulf  Oil  Co.,  Apartado  106,  Tampico,  Tamps.,  Mex. 
Hamilton,  W.  R.,  Petroleum  &  Min.  Engr.,  Hobart  Bldg.,  San  Francisco,  Cal. 

Hancb,  James  H 815  North  Johnson  ot^  Iowa  City,  Iowa. 

Harrington,  Daniel,  U.  S.  Bureau  of  Mines,  334  Post  Office  Bide.,  Butte.  Mont. 

Hastings,  John  B P.  O.  Box  954,   McGill,  Nev. 

Head,  James  L. Care  Calumet  &  Arizona  Min.  Co.,  Warren,    Ariz. 

Hill,  Walter  Hovby 917  Franklin  St.,  Boise,  Idaho. 

Hodgson,  Joseph  P.,  Cons.  Engr.,  Mining  Dept.,  Phelps,  Dodge  &  Co.,  Bisbee,  Ariz, 

Hoffman,    Lloyd Pottersville,    N.    J. 

HoLDERER,  George  B General  Chemical  Co.,  25  Broad  St.,  New  York,  N.  Y. 

Holland,  L.  F.  S Care  Cons.  Arizona  Smelt.  Co.,  Humboldt,  Ariz. 

HoLLisTER,  ScoviLL  E Care  Boston-Corbin  Copper  Co.,  Corbin,  Mont. 

Holmes,  George  F 140  Ogden  Ave.,  Menominee,  Mich. 

HoNNOLD,  W.  L.,  Care  The  Commission  for  Relief  in  Belgium, 

120  Broadway,  New  York,  N.  Y. 

Hoover,    Theodore    J Palo    Alto,    Cal. 

HoTTA,   M 136  Sumiyoshi.   Mukogun,  Hyogo  Pref.,  Japan. 

Hu,  S.  H Hartley  Hall,  Columbia  Univ.,  New  York,  N.  Y. 

HuTCHiNS,    J.    P Morskaya   21,    Apartment   24,    Petrograd^    Russia. 

Hyde,  James  M 635  Mills  Bldg.,  San  Francisco,  Cal. 

Jackson,  G.  R.,  Supt.  Negaunee  Dist^  Cleveland-Chffs  Iron  Co.,  Negaunee,  Mich. 
Jahn,  William  F.,  Mill  Supt.,  Tough-Oakes  Gold  Mines,  Ltd., 

Kirkland  Lake,  Ont.,  Canada. 

Jenks,  T.  H.,  Genl.  Mgr.  Gold  Bar  Mines  Co Wickenburg,  Ariz. 

Jennet,  Warren,  Comptroller,  Andes  Copper  Mining  Co.,  Chanaral, 

Chile,  South  America. 
Jensen,  Joseph,  Dept.  of  Metallurgy  and  Mining, 

Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 
Johnson.  J.  Harlan,  Care  Sanitary  Troop,  4th  So.  Dak.  Infantry,  San  Benito,  Tex. 

Jones,  Thomas  J Care  Kyshtim  Co.,  Nevsky  Prospect  1,  Petrograd,  Russia. 

Jordan,  R.  D 604  C.  Street,  Sparrows  Point,  Md. 

Kamitama,  Tatsuzo,    444,   Nakamaru,  Kami  osaki,  Yebaragun,  Tokyfu,  Japan. 

Keenet,  Robert  M The  Ayres  Hotel,  1441  Logan  St.,  Denver,  Colo. 

Kellet,  Arthur,  L.,  Supt American  Tungsten  Co^  Tucson,  Ariz. 

Kbpner,  R.  B Humboldt,  Ariz. 

Koch,  Arthur  W Granby  Mining  &  Smelting  Co.,  Granby,  Mo. 

Krebs,  Joseph  J Bisbee,  Ariz. 

LaCrodc,    Morris    F 243    Ocean  St..  Lynn,  Mass. 

Lavert,  V.  M Hold  publications. 

Lee,  Montrose  L Care  Clark,  Dodge  &  Co.,  51  Wall  St.,  New  York,  N.  Y. 

Lewis,  Robert  S University  of  Utah,  Salt  Lake  City,  Utah. 

Lindemuth,  L.  B Pennsylvania  Steel  Co.,  Bethlehem,  Pa. 

List,  Elmer Care  U.  S.  Smelt.  Co^  La  Harpe,  Kans. 

Loo,  P.  C 1075  Boylflton  St.,  Boston,  Mass. 

LovEJOT,  John  M Geol.  Staff,  Producers  Oil  Co.,   Billings,  Mont. 
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Low,  V.  F.  Stanlet,  Care  National  Bank  of  Australasia,  5  Bishopsgate, 

London,  E.  C,  England. 

LuNN,  RoBEBT,  Jr Instructed  to  hold  all  mail. 

McBbide,  WiLBBBT  George P.  O.  Box  816,  Morenci,  Ariz. 

McDowell,  J.  Spotts,  Harbison- Walker  Refractories  Co., 

1705  Farmers  Bank  Bids.,  Pittsburgh,  Pa. 
McHuGH,  P.  M.,  Mgr^  The  Dorr  Machine  Co.,  812  Cooper  Bldg.,  Denver,  Colo. 

Magfablane,  Rienzi  W Morenci  Hotel,  Morenci,  Aris. 

MacGowan,  John  K 190  Riverside  Drive,  New  York,  N.  Y. 

Madson,  Frank  H Box  708,  Bessemer,  Mich. 

Maller,  John  W 303  E.  161st  St.,  New  York,  N.  Y 

Mansfield,  M 860  East  17th  So.  St.,  Salt  Lake  City,  Utah. 

Marshall,  Holm  an  T Care  Dutchman  Lease,  American  Fork.  Utah. 

Marshall,  Stewart  McC,  Chief  Engr.,  Southwark  Foundry  &  Machine  Co., 

Philadelphia,  Pa. 

Maxon,  Walter  Landon Winthrop.  Shasta  Co.,  Cal. 

Mbrrtweather,  Hubert,  Bethlehem  Chile  Iron  Mines  Co..  La  JBuguera, 

CoquimDO.Chile,  South  America. 

Miller,  Harrt  H 803  Dos  Robles  Drive,  Alhambra.  Cal. 

Millard,  William  J 818  House  Bldg^  Pittsburgh,  Pa. 

Mitchell,  George 1367  S.  Figueroa  St.,  Los  Angeles,  CaL 

MoNTOULiEU,  Eduardo  I Jovellar  27  (altos)  Havana,  Cuba, 

Moore  JRedick  R Instructed  to  hold  eveiything. 

MniR,  DowNiE  D.,  Jr.,  Intermountain  Mgr.,  United  States  Smelt..  Ref.  &  Min. 

Exploration  Co.,  P.  0.  Box  1785,  Salt  Lake  City,  Utah. 

Najarian,  H.  K Missouri  Cobalt  Co ,  Fredericktown,  Mo. 

Neeld,    Harper   C Weedon    Mining    Co.,    Weedon,    Quebec,    Canada. 

Newell,  George  S 742  E.  Pennsylvania  Ave.,  San  Antonio,  Tex. 

Nye,  Robebt Nevada  City,  Cal. 

O'Habra,  C.  C,  Pres.  and  Prof,  of  GeoL,  South  Dakota  State  School  of  Mines, 

Rapid  aty,  S.  D. 

Ord,   James Levack,   Qnt.,   Canada. 

Pallansch,  Rollin  a Hold  publications. 

Parmelee,  H.  C Colorado  School  of  Mines,  Golden,  Colo. 

Pearl,  Holman  I Rice  Lake,  Wis. 

Peterson,  Clarence  J B.  P.  O.  Elks  Club,  San  Francisco,  Cal. 

Pfouts,  Elmer Kelly,  New  Mexico. 

Phalen,  William  C,  Mineral  Technologist,  U.  S.  Bureau  of  Mines,  Washington,  D.  C. 

Place,    Richard   G Colonial  Hotel,  Reno,  Nev. 

Ravicz,  Louis 854   McKnight   Bldg.,    Minneapolis,   Minn. 

Reifsneider,  Lb  Baron  B 32  So.  34th  St.,  Camden,  N.  J. 

Rhodes,  C.  E R.  D.  1,  Box  363,  Pasadena,  Cal. 

RiDDELL,  Guy  C,  Cons.  Met.,  Broken  Hill  Associated  Smelters  Proprietary.  Ltd., 

Port  Pirie.  So.  Audt. 

Bobbins,  Hallet  R 814  Birks  Bldg.,  Vancouver,  B.  C.,  Canada. 

RoDGERS,  Joseph  H 1267  Laurel  Ave.,  Los  Angeles,  CaL 

Ryder,  Thomas  J Apartado  1203,  Mexico  City,  Mexico. 

Schroter,  George  A W.  C.  Laughlin  Co.,  115  Broadway,  New  York,  N.  Y. 

Sanders,  Bernard  H 1  Penventon  Terrace,  Redruth,  Cornwall,  Emgland. 

Saxman,  R.  M Villa  Nova,  Pa. 

Scheble,  M.  C Min.  Engr.,  P.  O.  Box  867.  San  Antonio,  Tex. 

Scott,  J.  Ralph Feldspars,  Ltd.^  Hartington,  R.  R.  No.  1,  Ontario,  Caiiada. 

Sherman,  Gerald  F.  G.,  Civ.  and  Mm.  Engr.,  Supt.  Mine  Deptj.  Copper 

Queen  Cons.  Mining  Co.,  Bisbee,  Ariz. 

Sherry,   H.   K Platteville,   Wis. 

Smith,  Frank  A 279  10th  St.,  San  Pedro,  Cal. 

Smith,  Lyon E.  R.  Smith  &  Co.,  77  Bedford  St.,  Boston,  Mass. 

Smither.  Thomas  McC 429  Walnut  St.,  Reno,  Nev. 

SoPBR,  R.  H 308  North  Topka  Ave.,  Wichite,  Kans. 

Spearman,  Charles,  The  Renfrew  Molybdenum  Mines,  Ltd.,  Mt.  St.  Patrick, 

Ont.,  Canada. 

Sproat,  a.  D P.  O.  Box  388.  Bound  Brook,  N.  J. 

Stack,  James  R American  Smelt.  &  Ref.  Co.,  Maurer,  N.  J. 

Stephenson,  Francis  Lewis 1117  Columbia  Ave.,  Scranton,  Pa. 

Stewart,    M.    B MetrofMlis,    III. 

TiLL^fiS,  Gi.\  rles  a 320  McCormick  Bldg.,  Chicago,  HI. 
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Stboup,  Thomas  A No.  3  Louise  Apartments,  Salt  Lake  City,  Utah. 

SxTVEBKKOP,  Edward  A Box  724.  Dayton,  O. 

SxTYDAH,  A.  G 1325  Second  St.,  Santa  Monica,  CaL 

Tabantous,  Richabd,  Care  C.  S.  Herzig,  Cons.  Engr., 

27  William  St.,  New  York,  N.  Y. 

Thompson,  Warren  D Min.  Engr.,  Nevada  Cons.  Copper  Co.,  Ruth,  Nev. 

Tibet,  Benjamin  F 178  E.   St.,  Salt  Lake  City,  Utah. 

Traxtbrman,  Carl  J Min.  Engr.,  P.  O.  Box  740,  Anaconda,  Mont. 

Trueic,  Arthur  Fttller 515  S.  Cheyenne  St.,  Tulsa,  Okla. 

Udb,  Edgar Box  933.  Morenci,  Ariz. 

Valerius.  M.  M 328-329  Mayo  Bldg^  Tulsa,  Okla. 

Vranq,  Chribtion  M S.  P.  Geol.  Dept.,  Flood  Bldg.,  San  Francisco,  Cal; 

Waintbwright,  WiLPRiD  B 165  Fenchurch  St.  London,  E.  C,  England. 

Walker.  Leland  A 215  East  8th  St.,  Leadville,  Colo. 

Ward,  William  F.,  Care  Wesselhoeft  &  Wisner,  Barranquilla,  Colombia,  So.  Amer. 
WiQGiN,  Albert  E.,  Supt.  of  Concentration,  Anaconda  Copper  Mining  Co., 

609  Locust  St.,  Anaconda,  Mont. 

WiQTON,   G.   H Chief  Consolidated   Mining  Co.,   Eureka,   Utah. 

Williams,  Henry  J.,  Fuel  Engr.,  American  Agricultural  Chemical  Co^  Boston,  Mass. 
WoMBLB.  Lloyd  Alexander,  85  St.  Georges  Road,  East  London^  C.  P.,  So.  Africa. 

Wong.  S.  C Care  School  of  Mines.  Butte,  Mont. 

Wu,  Kwong Care  Prof.  K.  L.  Lin,  Government  University,  Peking,  China. 

Ybatman,  Pope,  Min.  Engr Room  1109,  111  Broadway,  New  York,  N.  Y. 

Young,  George  J Care  Colorado  School  of  Mines,  Golden,  Colo. 

Members'  Addresses  Wanted 

Name.  Last  Address  of  Record  from  which  Mail  has  been  Returned. 

Murphy.  Francis  Joseph Great  Cobar,  Ltd.,  Cobar,  N.  S.  W..  Aust. 

Nott,  Thomas  E 4701  Ellsworth  Ave.,  Pittsburgh,  Pa. 

PrPTMAN,  Franx  L Contact,  Nev. 

RooBRS,  George  R 47  St.  Vincent  St.,  Toronto,  Ont.,  Canada. 

Taylor,  Charles  H University  of  Oklahoma.  Norman,  Okla. 

Wroth,  James  S Casilla  46-D,  Santiago,   Cfhile,  So.  Amer. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Aug.  1,  1916  to  Sept.  10,  1916. 

M^ion  Name.  Date  of  Decease. 

1899  ♦Riter,  George  W Aug.  20,  1916. 

1891  ♦Towne,  Robert  S Aug.    3,  1916. 

^Members. 
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EXECUTIVE  COMMITTEES  OP  LOCAL  SECTIONS 

Nwf  York 

Meets  flxet  Wednesday  efter  flxet  Tueeday  of  each  month. 
DAVID  H.  BROWNB,  Chairman.  PERCY  B.  BARBOUR,  Vie^-Chairman, 

A.  D.  BEERS.  atcrtUary,  66  WaU  St.,  New  York,  N.  Y. 

C.  A.  BOHN,  Trta9W0r, 

Bo9Um 

Meete  flret  Monday  of  each  winter  month. 
W.  E.  C.  EUSTIS.  Chairman,  R.  L.  A0A8SIZ.  Vu)0-Ckairmam. 

E.  E.  BUGBEE.  a^er§tar^Tr§a»mnr,  Maes.  Init.  of  Technology,  Boston,  Mass. 
ALBERT  SAUTEUR,  H.  L.  SMYTH. 

Cohmbia 

Holds  four  sessions  during  year.    Annual  meeting  in  September  or  October. 

STANLY  A.  EA8T0N.   Chairman.  FREDERIC  KEFFER,  Vie§-Chairmmn. 

LYNDON  K.  ARMSTRONG,  S^atlarvTrtanirer,  P.  O.  Drawer  2164,  Spokane.  Wash. 

D.  C.  LIVINGSTON,  FRANK  A.  ROSS. 

Pugei  Sound 

Meets  second  Saturday  of  each  month. 
GLENVILLB  A.  COLLINS,  CAairman.  H.  L.  MANLEY,  F<es-ClMraM». 

AMOS  SLATER,  a^crdary-Treagwer,  1048  Henry  Bldg.,  Seattle,  Wash. 
I.  F.  LAUCKB,  JOHN  N.  POTT. 

Southern  Colifomia 

C.  COLCOCK  JONES.  Chairman,     '  ALVIN  B.  CARPENTER.  Vie^-^^hmrman. 

FREDERICK  J.  H.  MERRILL,  awrdary-TrMmr^r,  216  Union  League  Bldg.,  Los  Angsles.  Cal. 

A.  B.  W.  HODGES.  R.  A.  PEREZ, 

E.  A.  MONTGOMERY,  WILLIAM  F.  STAUNTON. 

Colorado 

L,  P.  HAMMOND.  Chairman.  F.  H.  BOSTWICK,  F<es-C»aA^Mf». 

P.  M.  MoHUGH,  ;8Mrtlary-TrMttirsr,  812  Cooper  Bldg.,  DeuTcr,  Colo. 
O.  A.  KENNEDY  M.  S.  MaoCARTHY. 

Montana 

J.  L.  BRUCE.  Chairman.  W.  C.  SIDERFIN.  Fies-dolreim. 

WALTER  E.  GABY,  aeerHary-Trmturtr,  834  W.  Granite  St.,  Butte,  Mont. 
W.  T.  BURNS.  .  •  .  ^   ^   BRALY. 

San  Frandieo 

Meets  second  Tuesday  of  each  month. 

T.  A.  RICKARD,  Chairman.  W.  H.  SHOCKLEY,  Vie^-Choirmmm. 

C.  E.  GRUNSKY.  JR..  89er^lorthTrwuur§r,  67  Post  St.,  San  Fhmciseo,  CaL 

E.  A.  HERSAM,  H.  W.  YOUNG. 

Pennsylvama  AnthraeUe 

R.  V.  NORRIS.  Chairman, 
CHARLES  F.  HUBER.  Vies-Chairman,  EDWIN  LUDLOW.  Vit»-ChairmaH. 

W.  J.  RICHARDS.  Vic^Chairman,  ARTHUR  H.  ST0RR8,  Vict-Chatrmam, 

PAUL  STERLING,  Seeretaru-Trwuwr^r,  Lehigh  Valley  Coal  Co.,  Wilkes-Barre,  Pa. 
DOUGLAS  BUNTING,  FRANK  A.  HILL,  ALBERT  B.  JE88UP. 

RUFUS  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

St.  Louia 

C.J.  ADA  ML    Chairman.  HERMAN  OARUCH,    Vic^^Chainman. 

F.  W.  DnWOLF.  V%<»-Chairman,  M.  M.  VALERIUS,  Vie^^hairwum. 

WALTER  B.  McCUURT,  Seeretarv-Trtaturmr,  Washington  Unir.,  St.  Loids,  Mo. 

A.  W.  DICKINSON,  CHARLES  T.  ORR,  ARTHUR  THACHER. 
C.  R.  FORBES,                                      F.  D.  RASH, 

Chicago 

CHARLES  H.  MacDOWELL,  Chairman,  LUTHER  V.  RICE,  Fio»-C*a«r«Mm. 

HENRY  W.  NICHOLS,  Seerttary-TrMmurn',  1646  E.  68  St.,  Chicago.  III. 
ALEXANDER  K.  HAMILTON,  HENRY  P.  HOWLAND. 

GEORGE  P.  HULST,  FREDERICK  T.  SNYDER. 

Utah 

C.  W.  WHITLEY,  Chairman,  WALTER  FITCH,  Vie^-Chainmmn. 

ERNEST  GAYFORD,  Sserttary-Trtana^,  169  Pierpont  Ave.,  Salt  Lake  City,  Utah. 

B.  R.  ZALINSKI.  WILLIAM    WRAITH. 

Arizona 

GERALD  SHERMAN.  Chairman. 
NORMAN  CARMICHAEL.  1«<  Vie^^hair.  B.  BRITTON  GOTTSBERGER,  tnd  Fio»-CA««-. 

ARTHUR  NOTMAN.  SeeretarV'Trea$ur0r,  Bisbee.  Aria. 
W.  L.  CLARK.  J.  C.  GREENWAY. 

W.  G.  McBRIDE.  FOREST  RUTHERFORD. 

Nevada 

J.  W.  HUTCHINSON.  Chairman.  FRANCIS  CHURCH  LINCOLN.  Vice^hatrtaan. 

HENRY  M.  RIVES.  Seeretary-Treaaurer,  Reno.  Nerada. 
W.  H.  BLACKBURN.  E.  A.  JULIAN. 

EMMET  D.  BOYLE,  JOHN  G.  KIRCHBN 

FREDERICK  BRADSHAW,  C.  B.  LAKENAN. 

TASKER  L.  ODDIE. 
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STANDING  COMMITTEES 


OBORQB  D.  BARRON, 
8IDNBY  J.  JBNNING8, 


Bxeeulioe 

L.  D.  RICKETT8.  Chairman. 


W.  L.  SAUNDERS, 
BENJAMIN  B.  THATER. 


Membenkip 


KARL  EILER8,  Chairman, 

ARTHUR  S.  DWIGHT,  LOUIS  D.  HUNTOON, 

LEWIS  W.  FRANCIS,  ARTHUR  L.  WALKER. 

Financ$ 

QEORQE  D.  BARRON,  Chairman. 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND. 

Library 

E.  GTBBON  SPIL8BURY,  Chairman,* 
KARL  BILERS.1  E.  F.  ROEBER.« 

ALEX  C.  HUMPHREYS,'  BRADLEY  STOUGHTON. 

Papers  and  Publications 

BRADLEY  STOUGHTON,   Chairman. 


BnCUTIYB  OOMIflTTaB 


KARLEILER8, 
JOSEPH  W.  RICHARDS, 
E.  F.  ROBBER, 


J.  L.  W.  BIRKINBINE. 
WILLIAM  H.  BLAUVELT, 
H.  A.  BRA88BRT, 
DAVID  H.  BROWNE. 
WnXIAM  CAMPBELL, 
R.  M.  CATLIN, 
ALLAN  J.  CLARK. 


HBINRICH  O.  HOFMAN, 
WALTER  E.  HOPPER, 
HENRY  M.  HOWE. 
LOUIS  D.  HUNTOON, 
J.  E.  JOHNSON,  JR., 
WILLIAM  KELLY, 
JAMES  F.  KEMP, 


FREDERICK  G.  COTTRELL,   CHARLES  K.  LEITH, 
NATHANIEL  H.  EMMONS.      ANTHONY  F.  LUCAS. 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON, 
F.  LYNWOOD  GARRISON, 
ROBERT  C.  GEMMELL. 


CHARLES  W.  GOODALE, 
HARRY  A.  GUESS, 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 


EDWARD  P.  MATHEWSON. 
HERBERT  A.  MEGRAW, 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD. 
R.  y.  NORRIS. 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 
R.  M.  RAYMOND. 


GEORGE  C.  STONE, 
SAMUEL  A.  TAYLOR. 


ROSSITER  W.  RAYMOND, 
THOMAS  T.  READ, 
ROBERT  H.  RICHARDS, 
L.  D.  RICKETTS. 
HBINRICH  RIBS, 
RENO  H.  SALES, 
ALBERT  SAUVEUR, 
HENRY  L.  SMYTH, 
A.  A.  STEVENSON. 
RALPH  H.  SWEBTSER, 
GEORGE  D.  VAN  ARSDALE. 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL, 
FREDERICK  W.  WOOD. 
DWIGHT  B.  WOODBRIDGE. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES 

HARRY  H.  STOEK,  Chairman. 

Vicd^hairmen 

CHARLES  H.  FULTON,  FREDERICK  W.  SPERR, 

EDWIN  C.  HOLDEN,  GEORGE  J.  YOUNG. 

WALTER  R.  CRANE,  SeereUMry,  Pemuylvania  State  College.  State  Collese,  Pa. 


LUTHER  W.  BAHNEY. 
DAR8IE  C.  BARD. 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER. 
GUY  H.  COX, 
JOSEPH  DANIELS. 
NOAH  F.  DRAKE, 
FRANK  W.  DURKEB. 


HOWARD  BCKFELDT. 
DAVID  M.  FOLSOM. 
R.  R.  GOODRICH. 
CHARLES  E.  LOCKE. 
JAMES  F.  M'  CLELLAND, 
HARRY  B.  MELLER, 
WALTER  S.  MORLEY. 
HENRY  S.  MUNROE. 


CHARLES  J.  NORWOOD. 
GEORGB  S.  RAYMER. 
HBINRICH  RIBS. 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON. 
F.  W.  TRAPHAGEN. 
CLINTON  M.  YOUNG. 


1  UntU  Feb.,  1917.    >  UntU  Feb.,  1918.    «  UntU  Feb.,  1919.    «  UntU  Feb..  1920. 


XXX 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ.  Chairman, 
PHHilP  W.  HENRY,  Firti  Fiot-CAainiMm. 


Vice-Chairmen 

LYNDON  E.  ARMSTRONG, 

F.  G.  COTTRELL. 

CHARLES  A.  BUCK, 

EDWARD  L.  DUFOURCQ. 

H.  W.  HARDINQE, 

H.  L.  H0LLI8, 

DUNCAN  MACVICHIE, 

WnXLkM  H.  SHEARMAN.  StcrHary,  65  WaU  SC.New  York,  N.  Y. 


HENRY  W.  NICHOLS, 
ERSKINB  RAMSAY. 
CHARLES  F.  RAND, 
GILBERT  RIQG, 
WALTER  G.  SWART, 
RICHARD  P.  TINSLEY. 


HUNTINGTON  ADAMS, 
F.  L.  ANTI8ELL, 
EDWIN  O.  BANKS, 
LOUIS  y.  BENDER, 

C.  H.  BENEDICT, 
JAMES  G.  BERRYHILL, 
ALBERT  C.  BOYLE.  JR., 

D.  H.  BRADLEY.  JR.. 
VICTOR  M.  BRASCHI, 
FREDERIC  K.  BRUNTON, 
LESTER  R.  BUDROW, 
MILTON  A.  CAINE. 
EDWIN  E.  CARPENTER, 
CHARLES  CATLETT, 
WILLIAM  B.  CRAMER, 
NOAH  F.  DRAKE, 

J.  A.  EDE, 

LOUIS  y.  EMANUEL, 
AUGUSTUS  H.  EUSTIS, 
WALTER  FITCH, 
WILLIAM  E.  FOHL, 

E.  GAYFORD, 
M.  H.  GIDEL, 
STEPHEN  L.  GOODALE, 
CARL  E.  GRUNSKY,  JR., 


GEORGE  A.  GUESS, 
BENJAMIN  M.  HALL, 
RICHARD  S.  HASELTINE, 
FRANK  R.  HEWITT, 
EDWIN  HIGGINS, 
JOSEPH  T.  HILLES. 
JOHN  HOATSON, 
ROY  J.  HOLDEN, 
TADASHIRO  INOUYE, 
YING-CHIEH  KUANG, 
K.  C.  LI, 
I.  P.  LIHME, 
JOHN  J.  LINCOLN, 
DOUGLAS  C.  LIVINGSTON, 
SPENCER  R.  LOGAN, 
F.  E.  LUCAS, 
WALTER  E.  McCOURT, 
P.  M.  McHUGH. 


AMBROSE  E.  RING. 
WILLIAM  W.  ROSE, 
HAZEL  L.  SCAIFE, 
WILLIAM  J.  8HARWOOD. 
8.  F.  SHA^r . 
JO  E.  SHERIDAN. 
ARTHUR  P.  SILLIMAN. 
AMOS  SLATER. 
SUMNER  S.  SMITH. 
JOHN  G.  SMYTH. 
RICHARD  B.  STANFORD, 
PAUL  STERLING. 
LEWIS  STOCKBTT, 
ARTHUR  P.  TAGQART. 
CHARLES  H.  TAYLOR. 
BENJAMIN  F.  TILLSON. 
ARTHUR  L.  TUTTLE, 
R.  C.  WARRINER. 


FREDERICK  J.  H.  MERRILL.    WALTER  HARVEY  WEED. 


ARTHUR  NOTMAN, 
HENRY  M.  PARKS, 
IRVING  PERRINE 
OLUF  G.  PETERSEN, 
F.  E.  PIERCE. 
FRANK  Da  G.  RATHBUN, 


HENRY  A.  WENTWORTH. 

WILLIAM  Y.  WE8TERVELT. 

HERBERT  A.  WHEELER, 

EDWIN  E.  WHITE. 

C.  W.  WHITLEY. 

R.  B.  WOODWORTH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 

ARTHUR  F.  L.  BELL.  HENNEN  JENNINGS. 

ALBERT.  R.  LEDOUX.  E.  W.  PARKER.  L.  D.  RICKETTS. 


EUctricUy  in  Mining 

WILLIAM  KELLY. 
THOMAS  H.  LEGGETT. 
SAMUEL  A.  TAYLOR. 


Mine  Explosions 

H.  M.  CHANCE. 
FRANK  HAAS. 
CARL  SCHOLZ. 


Mins  Svbsid&nee 

JAMES  F.  KEMP. 
R.  V.  NORRIS. 
CHARLES  K.  LEITH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 


Copper:  F.  L.  ANTI8ELL, 
Lead:  ARTHUR  8.  DWIGHT. 
Nickel:  JOHN  F.  THOMPSON. 


Aluminum:  JOSEPH  W.  RICHARDS, 
Zine:  GEORGE  C.  STONE. 


COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

HENRY  S.  DRINKER,     ARTHUR  S.  DWIGHT.     D.  M.  RIORDAN.     WARREN  A.  WILBUR 


NOMINATING  COMMITTEE 

SEELEY  W.  MUDD.  Chairman. 
DAVID  H.  BROWNE.  H.  O.  HOFMAN. 

JAMES  GAYLEY.  FREDERICK  LAIST. 

JOHN  C.  GREENWAY.  R.  V.  NORRIS. 
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INSTITUTB  REPRESENTATIVES 
United  Engineering  Sodeiy  Trueteee 

CHABLE8  F.  RAND,>  W.  L.  SAUNDERS,"  BENJAMIN  B.  THAYER.' 

Engineering  Foundation 

R.  hL  RAYMOND,  BENJAMIN  B.  THAYER. 

Library  Board,  United  Engineering  Society 

KARL  EILERSt*  E.  F.  ROEBER,« 

ALEX  C.  HUMPHREYS.!  E.  QYBBON  SPILSBURY,* 

BRADLEY  8T0UQHT0N. 

John  Fritz  Medal  Board  of  Award 

C.  R.  OORNINQ,«  ALBERT  SAUVEUR.^ 

CHARLES  F,  RAND."  E.  GYBBON  SFILSBURY." 

General  Conference  Committee  of  Engineering  Sodetiee 

J.  PARKE  CHANNING,       BENJAMIN  B.  LAWRENCE.       BRADLEY  8T0UGHT0N. 

American  Aeeodation  for  the  Advancement  of  Sdenee 

WALDEMAR  LINDGREN,  JOSEPH  B.  TYRRELL. 

Adnaory  Board  of  the  National  Coneervation  Congreae 

HENRY  S.  DRINKER. 

Committee  on  Standardization  of  Oraphical  Methods 

JUDD  STEWART. 

Committee  on  National  Reeene  Corpe  of  Engineers 

ARTHUR  8.  DWIGHT. 

Committee  on  Mining  Law  Revision 


JAMES  R.  FINLAY 
D.  C.  JACKLING, 


EDMUND  B.  KIRBY. 

Naval  Consulting  Board 


HENNEN  JENNINGS. 
C.  F.  KELLEY, 


WILLIAM  L.  SAUNDERS. 


m9mbcr9 
AtMoeiaU  Membera 


BENJAMIN  B.  THAYER. 


STEPHEN  O.  ANDROS, 

E.  J.  BABCOCK. 

H.  R.  BATCHELLER. 

A.  A.  BLOW, 
PHILIP  R.  BRADLEY. 
J.  L.  BRUCE, 

D.  W.  BRUNTON, 
ALLAN  J.  CLARK, 

F.  K.  COPELAND. 

B.  F.  CRE8S0N,  JR. 
ROBERT  N.  DICKMAN. 
M.  M.  DUNCAN, 

T.  C.  DU  PONT, 
STANLY  A.  EA8T0N, 
W.  E.  C.  EUSTIS, 
J.  R.  FORDYCE. 


J.  C.  GREENWAY, 

LAFAYETTE  HANCHETT, 

H.  G.  HIXON, 

C.  B.  HOLLTS, 

GEORGE  P.  HULST. 

FRANK  U.  HUMBERT. 

HENNEN  JENNINGS. 

8.  W.  McCALLIE, 

A.  J.  McQUATTERS. 

C.  W.  MERRILL, 

P.  N.  MOORE, 

F.W.  O'NEIL, 

WALTER  T.  PAGE. 

W.  H.  PEIRCE, 

JOSEPH  H.  PRATT, 

J.  C.  RALSTON, 


CHARLES  F.  RAND. 

FRANK  D.  RASH. 

R.  H.  RICHARDS. 

C.  8.  ROBINSON. 

WALTER  M.  SAUNDERS. 

E.  A.  SAYRE, 

H.  L.  SCAIFE, 

A.  M.  8WARTLEY. 

PRIESTLEY  TOULMIN, 

W.  E.  TRENT, 

M.  M.  VALERIUS. 

W.  D.  WALTMAN. 

I.  C.  WHITE, 

ELI  WHITNEY, 

H.  V.  WINCHELL. 


Committee  on  Engineering  Education 

JOHN  HAYS  HAMMOND,  HENRY  MARION  HOWE. 

Committee  on  Adoption  of  Metric  System 

GEORGE  F.  KUNZ.  JOSEPH  W.  RICHARDS. 

Committee  on  Classification  of  Technical  Literature 

WILLIAM  P.  CUTTER. 

J.  A.  Holmes  Safety  First  Association 

HENNEN  JENNINGS. 

Pan-American  Engineering  Committee 


WALTER  H.  ALDRIDGE. 
FREDERICK  K.  COPELAND. 


JOSEPH  W.  RICHARDS. 


W.  H.  LEONARD, 
P.  N.  MOORE, 


Committee  on  Military  Engineering  Lectures 


J.  PARKE  CHANNING, 
ALEX  C.  HUMPHREYS, 


CHARLES  F.  RAND, 
WILLIAM  L.  SAUNDERS, 


BRADLEY  8T0UGHT0N, 
WILLIAM  H.  WILEY. 


1  Unti]  Feb..  1917.        •  UntU  Feb.,  1918.        «  UntU  Feb..  1919.        •  Until  Feb.,  1920. 
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TECHNICAL  COMMITTEES 
Iron  and  Sud 

JOSEPH  W.  RICHARDS,  Ckairwton. 

J.  B.  JOHNSON,  Jb..  Vie0-<:kairwian, 

ARTHUR -8.  CALLEN,  Seeniarp,  468  Cktstnut  St..  So.  BctUehmn,  Pa. 

SuB-CoiaOTTBSB 

IRON  ORB 

DWIGHT  E.  WOODBRIDGB,  Ckairwton. 
ERNEST  P.  BURCHARD,  WILUAM  KELLY,  CHARLES  P.  RAND, 

PELIX  A.  VOQEL. 

BLAST  FURNACBS 

H.  A.  BRASSERT,  Chairman. 
AMBROSE  N.  DIEHL, 
RICHARD  y.  MoKAY. 


WILLIAM  H.  BLAUVELT. 


JAMES  GAYLEY. 


GUILLIAEM  AERTSEN, 
FRANK  D.  CARNEY, 


8TEBL  WORKS 
HENRY  D.  HIBBARD,  Chairman, 


C.  P.  W.  RYS, 

A.  A.  STEVENSON, 


J.  S.  UNGER, 
WILLIAM  R.  WALKER. 


MBCHANICAL  TRBATMBNT 
CHARLES  A.  BUCK,  Chairman. 


ROBERT  W.  HUNT, 


JOHN  H.  HALL, 


GEORGE  MESTA, 


FREDERICK  W.  WOOD. 


FOUNDRY 
RICHARD  MOLDENKE,  Chairman, 

ENRIQUE  TOUCEDA. 

CHEMI8TBT»  PHYSICS,   AND  METALLOGRAPHY 
HERBERT  M.  BOYLSTON,  Chairman. 


WILLIAM  CAMPBELL, 
HENRY  M.  HOWE, 


JOHN  A.  MATHEWS, 

B.  GYBBON  SPILSBURY. 


ALBERT  SAUYBUR, 
LEONARD  WALDO, 
WILLIAM  R.  WEBSTER. 


Petroleum  and  Oaa 

ARTHUR  p.  L.  BELL,  Chairman, 
WILLIAM  N.  BEST,  Viee-Chairman.  DAVID  T.  DAY,  Viet-^hairmmn. 

WILLIAM  B.  PHILLIPS,  Vice-chairman,  MARK  L.  REQUA.  Viee-Chaii 

LEONARD  WALDO.  Secretary,  40  WaU  St.,  New  York.  N.  Y. 


RALPH  ARNOLD. 
FREDERICK  G.  CLAPP. 
EUGENE  COSTE, 
EDWIN  T.  DUMBLE. 
JOHN  R.  EDWARDS, 


PHILIP  W.  HENRY, 
HANS  VON  HOEFER, 
ISAAC  N.  KNAPP, 
ANTHONY  P.  LUCAS. 
EZEQUIEL  ORDONEZ, 


FRANCIS  C.  PHILLIPS, 
WALTER  O.  SNELLINO. 
CHESTER  W.  WASHBURNE. 
WILLIAM  L.  WATTS. 
HERBERT  A.  WHEELER, 
WILLIAM  A.  WILLIAMS. 


Coal  and  Coke 

SAMUEL  A.  TAYLOR,  Chairman, 
EDWIN  LUDLOW,  Vice-Chairman,  W.  J.  RICHARDS.  Viee-Chairman. 

FREDERICK  W.  C.  WHYTE,  Vic^-Vhairman, 
WILLIAM   E.  FOHL,  Seerelary,  Farmers'  Bank  Bide.,  Pitteburgh,  Pa. 


S.  B.  BELDEN. 
WILLIAM  H.  BLAUVELT. 
H.  M.  CHANCE. 
THOMAS  H.  CLAGETT, 
ELI  T.  CONNER, 
JAMES  S.  CUNNINGHAM. 
FRANK  W.  DaWOLF, 
E.  V.  D'INVILLIERS, 
W.  W.  DUFFIELD. 
HOWARD  N.  EAVENSON, 
CHARLES  ENZIAN. 
WII4.IAM  A.  FORBES. 
WILLIAM  H.  GRADY, 
FRANK  HAAS, 


R.  DAWSON  HALL, 
FRANK  A.  HILL, 
FRANK  ALBERT  HILL. 
CHARLES  F.  HUBER. 
JAMES  ELLWOOD  JONES. 
CHARLES  E.  KREBS. 
GEORGE  J.  KREBS, 
A.  C.  LEISENRING. 
SPENCER  R.  LOGAN. 
EUGENE  McAULIFFE. 
CHARLES  T.  MALCOLMSON. 
FRANK  A.  MANLEY, 
JOHN  P.  K.  MILLER, 


R.  V.  NORRIS. 
CHARLES  J.  NORWOOD, 
THOMAS  H.  O'BRIEN, 
FRANK  A.  RAY. 
GEORGE  S.  RICE, 
JOHN  J.  RUTLEDGE, 
CARL  SCHOLZ. 
JOHN  ROY  SHARP, 
T.  W.  SPRAGUE. 
ARTHUR  H.  STORR8. 
ISRAEL  C.  WHITE. 
WILLIAM  G.  WILKINB, 
LEWIS  L.  WILLARD. 
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and  Bomb  Metak 

CHARLES  W.  QOODALE,  Chairman. 

ARTHUR  L.  WALKER,  Vic^^kabrman.  ROBERT  C.  GEMMELL.  Fic#-Ciba<nMii. 

DAR8IE  C.  BARD.  Secretary,  Montana  8Ut«  Sehool  of  Mines,  BuiU,  Mont. 

SuB-CoiaOTTBSB 


OOPPSB 
EDWARD  P.  MATHBW80N,  Chairman, 


LAWRENCE  ADDICK8, 
W.  LAWRENCE  AUSTIN, 
JOHN  C.  OREENWAY, 
LAFAYETTE  HANCHETT, 
L.  OGILVIE  HOWARD, 


FREDERICK  LAIST, 
C.  B.  LAKENAN, 
GEORGE  W.  METCALFE, 
L.  D.  RICKETT8, 
FOREST  RUTHERFORD, 


GEORGE  D.  VAN  ARSDALE, 
ARTHUR  L.  WALKER, 
ARCHER  E.  WHEELER, 
ALBERT  E.  WIGGIN. 


F.  L.  BOSQUI, 
PHILIP  R.  BRADLEY, 
CHARLES  BUTTERS, 
ROBERT  C.  CANBY, 
ALLAN  J,  CLARK, 


C.  J.  ADAMI. 
LEONARD  S.  AUSTIN, 
WILUAM  BRADEN. 
ARTHUR  S.  DWIGHT, 
KARLEILERS, 


S.  E.  BRETHERTON, 
GELASIO  CAETANI, 


GOLD  AND  BILYEE 
F.  LYNWOOD  GARRISON,  Chairman, 

GEORGE  H.  CLEVENGER,        WILLET  G.  MILLER, 
HARRY  S.  DENNY, 
JOHN  y.  N.  DORR, 
JAMES  W.  MALCOLMSON, 
CHARLES  W.  BIERRILL, 


CHARLES  H.  MUNRO, 
R.  M.  RAYMOND, 
WHITMAN  SYMMES, 


LEAD 

HEINRICH  O.  HOFMAN, 

HERMAN  GARLICHS. 
ERNEST  A.  HERSAM, 
G.  P.  HULST, 
SIDNEY  J.  JENNINGS. 
FRANK  M.  SMITH, 

ZINC 

GEORGE  C.  STONE.  Chairman, 

C,  A.  H.  DnSAULLES, 
W.  MoA.  JOHNSON. 
FREDERICK  LAIST. 


Chairman, 

WILLIAM  A.  SMITHi_ 
FREDERIC  R.  WEEKES. 
RUSH  J.  WHITE. 
C.  W.  WHITLEY, 
WILUAM  WRAITH. 


DORSEY  A.  LYON, 
OTTO  RISSMAN. 
C.  E.  SIEBENTHAL. 


DAVID  H.  BROWNE, 
SIEGFRIED  FISCHER. 
FRANK  L.  HESS, 


MARK  N.  ALUNG. 
SIDNEY  H.  BALL. 
PIERRE  BOUERY. 
C.  C.  BRAYTON. 
NEWTON  CLEAVELAND. 
ROBERT  E.  CRANSTON. 


MIBOBLLANXOUS  METALS 
CHARLES  H.  FULTON,  Chairman. 

ZAY  JEFFRIES.  WALTER  M.  STEIN, 

ROBERT  M.  raSENEY,  JOSEPH  STRUTHERS, 

GEORGE  A.  PACKARD,  WILLIS  R.  WHITNEY. 


PLACER  DEPOSITS 

CHARLES  JANIN.  Chairman. 

F.  LYNWOOD  GARRISON, 
J.  J.  HAMLYN, 
W   P.  HAMMON. 
ROSS  B.  HOFFMANN. 
HENNEN  JENNINGS. 
E.  B.  KIMBALL. 


CHESTER  F.  LEE, 
H.  L.  MEAD, 
F.  L.  MORRIS. 
C.  H.  MUNRO. 
WILLIAM  S.  NOYES, 
HENRY  C.  PERKINS. 
O.  B.  PERRY. 


NorirMetdUie  M%nerai$ 

HEINRICH  RIES.  Chairman, 

CHARLES  P.  BERKEY.  Vi<»-Chairman.         GEORGE  F.  KUNZ.  Vi<»-Chairman. 

EDWARD  W.  PARKER,  Vie^Chairman. 

WILLIAM  C.  PHALEN.  SeerHary,  U.  S.  Bureau  of  Minee,  Washington,  D.  C. 

SAMUEL  W.  BEYER,  F.  R.  HEWITT,  WILLET  G.  MILLER. 

H.  A.  BUEdLER.  F.  C.  HOOPER,  WILLIAM  B.  PHILLIPS, 

JOHN  A.  DRESSER.  C.  COLCOCK  JONES.  JOSEPH  HYDE  PRATT, 

R.  D.  GEORGE,  C.  G.  MEMMINGER.  KENNETH  SEAVER. 

FRANK  L.  BESS,  BENJAMIN  L.  MIiXeR,  THOMAS  L.  WATSON. 

Mining  Oeology 

Chairman, 


L.  C.  GRATON, 

RALPH  ARNOLD. 
JOHN  M.  BOUTWELL, 
H.  A.  BUEHLER, 
MARIUS  R.  CAMPBELL. 
C.  R-  CORNING, 
M.  J.  ELSINQ. 
WILLIAM  H.  EMMONS. 
F.  LYNWOOD  GARRISON. 


8 


JOHN  W.  FINCH.  Vie^Chairman, 
Seertiary,  Herrard  Geologieal  Museum.  Cambridge, 


M 


IRA  B.  JORALEMON. 
JAMES   F.    KEMP. 
HENRY  LANDE8, 
ALFRED  C.  LANE. 
CHARLES  K.  LEITH. 
R.  V.  NORRI8, 
ARTHUR  NOTMAN. 
EZEQUIEL  ORDONEZ, 


R.  A.  F.  PENROSE.  Ja.. 
WILLIAM  B.  PHILLIPS, 
JOSEPH  HYDE  PRATT, 
HEINRICH  RIES. 
RENO  H.  SALES. 
WILLIAM  G.  SHARP, 
HENRY  L.  SMYTH, 
JOSIAH  E.  SPURR. 
M.  E.  WADSWORTH. 
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BENJAMIN 
TRUMAN  H.  ALDRICH,  Jb., 
HANS  C.  BEHR, 
R.  B.  BRIN8MADE, 
DOUGLAS  BUNTING, 
LOUIS  S.  GATES. 
CHARLES  CATLETT, 
FRED  W.  DENTON, 
STANLY  EASTON, 
JAMES  R.  FINLAY. 
R.  C.  GEMMELL, 


ROBERT  M.  CATLIN.  Chairman. 

F.  TILLSON,  S^cntary,  Fnaklin  Fumaee,  N.  J. 


JOHN  GILLIE, 
WILLIAM  L.  HONNOLD. 
JAMES  E.  JOPLING, 
ROBERT  A.  KINZIE, 
HENRY  KRUMB, 
WILLIAM  H.  LEONARD. 
HENRY  LOUIS. 

JAMES  F.  McClelland. 

SEELEY  W.  MUDD, 
JAMES  B.  RISQUE. 


MILNOR  ROBERTS. 
OSCAR  ROHN. 
GERALD  SHERMAN. 
HENRY  L.  SMYTH. 
BENJAMIN  W.  VALLAT. 
RUEL  C.  WARRINER, 
SAMUEL  D.  WARRINBB, 
GEORGE  WEIR, 
DWIGHT  E.  WOODBRIDQB. 


MiUing  Meihodt 


ROBERT  H.  RICHARDS,  Chairman. 
CHARLES  E.  LOCKE,  S9cretary,  M 


M.  K 

Institute  of 


EARL  S.  BARDWELL, 
H.  K.  BURCH, 
CHARLES  BUTTERS. 
GELASIO  CAETANI. 
WILLIAM  A.  CALDECOTT, 
JOHN  M.  CALLOW. 
CHARLES  A.  CHASE, 
DAVID  COLE. 
JOHN  V.  N.  DORR. 
ARTHUR  S.  DWIGHT. 


RUDOLPH  GAHL. 

H.  A.  GUESS. 

H.  C.  HOOVER. 

FREDERICK  LAIST. 

C.  B.  LAKENAN. 

W.  P.  LASS. 

CHARLES  W.  MERRILL. 

HENRY  S.  MUNROE. 

E.  H.  NUTTER, 

C.  Q.  PAYNE, 


RODGERS.  F<o«-CAatniMit. 

Teehnology.  Boston,  Blass. 
JOHN  B.  PORTER, 
LEWIS  G.  ROWAND. 
E.  A.  C.  SMITH. 
T.  B.  STEARNS, 
WALTER  G.  SWART. 
ARTHUR  THACHER, 
BULKELEY  WELLS, 
ALBERT  E.  WIGGIN, 
GEORGE  H.  WYMAN.  Ji 


MininQ  Law 

CORNELIUS  F.  KELLEY.  Chairman. 
JOHN  W.  FINCH.    Viee-Chairman.  CURTIS  H.  LINDLEY, 


ALBERT  BURCH. 

J.  MURRAY  CLARK. 

WILL  L.  CLARK. 

C.  LORIMER  COLBURN, 

COURTENAY  DaKALB, 

CHARLES  W.  GOODALE. 


S^entary, 
FREDERICK  T.  GREENE. 
EDWIN  O.  HOLTER, 
EDMUND  B.  KIRBY. 
MARK  L.  REQUA, 
GEORGE  W.  RITER. 


WILLIAM  SCALLON. 
CHARLES  H.  SHAMEL. 
FRANK  L.  SIZER, 
JOEL  F.  VAILE, 
WALTER  H.  WILEY, 
HORACE  V.  WINCHELL. 


FRANCIS  O.  BLACKWELL. 
OZNI  P.  HOOD. 
JOHN  LANGTON. 


The  Use  of  EledricUy  in  Minee 


WILLIAM  KELLY.  Chairman, 
THOMAS  H.  LEGGETT. 
CHARLES  LEGRAND, 
FREDERICK  W.  O'NEIL. 


STEPHEN  H.  PITKIN. 
DAVID  B.  RUSHMORE, 
HARRY  M.  WARREN. 
GEORGE  R.  WOOD. 


Safety  and  Sanitation 

HOWARD  N.  EAVENSON.  Chairman,  JOHN  G.  SMYTH.  Vic§^hairman, 

E.  MALTBY  SHIPP.  Secretary,  2  Rector  St..  New  York,  N.  Y. 


NEWELL  G.  ALFORD, 
GEORGE  D.  BARRON. 
WILLIAM  L.  BELL. 
JAMES  L.  BRUCE. 
CHARLES  F.  CHANDLER. 
WILLIAM  L.  CLARK. 
GEORGE  G.  CRAWFORD. 
R.  W.  DEACON. 
WALTER  DOUGLAS. 


THEODORE  DWIGHT. 
CHARLES  T.  FAIRBAIRN. 
CHARLES  W.  GOODALE. 
SIDNEY  J.  JENNINGS. 
ROBERT  A.  KINZIE. 
CORNELIUS  B.  LAKENAN. 
JOHN  LANGTON. 
JOHN  LLOYD, 
SOLOMON  LnFEVRE, 


WILLIAM  W.  MEIN. 

C.  P.  NEILL, 

JAMES  B.  RISQUE, 

FRANCIS  P.  SINN, 

W.  D.  THORNTON, 

W.  R.  WALKER, 

C.  W.  WHITLEY, 

HENRY  A.  J.  WILKENS. 

ARTHUR  WILLIAMS. 

DWIGHT  E.  WOODBRIDQE. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  BBYiaiON] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preemted  in  perMo  at  the 
New  York  meeting,  February,  1917,  when  an  absuact  of  the  paper  will  be  read.  If  this  le  imppnible, 
then  diaouaeion  in  writini  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  20  West 
39th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  rejyresentativc  of  Its  author. 
Unleas  speeial  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Apr.  1, 1917.  Any  disousskn 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Maaganese  Ores  of  the  Lafayette  District^  Minas  Geraes,  Brazil 

BT  JOSEPH  T.  8INGEWALD,  JR.,*  PH.  D.,  BALTIMORE,  MD.,  AND  BENJAMIN  LEROT  MILLEB,t 

PH.  D.|  SOUTH  BETHLEHEM,  PA. 

(New  York  Meeting,  February,  1917) 

Introduction 

For  a  number  of  years  Russia;  India  and  Brazil  have  outranked 
all  other  countries  as  producers  of  manganese  ores.  During  the  5 
years  immediately  preceding  the  European  war,  the  average  annual 
production  of  Russia  was  844,000,  of  India  694,000  and  of  Brazil  200,000 
long  tons.  Since  the  outbreak  of  the  war  there  has  been  a  considerable 
falling  off  in  the  Russian  and  Indian  production,  particularly  in  the  for- 
mer, whereas  the  production  of  Brazilian  ores  has  been  greatly  increased, 
amoimting  in  1914  to  over  250,000  tons  and  in  1915  to  nearly  350,000, 
with  conditions  favorable  for  a  still  larger  production  in  1916.  Manga- 
nese is  one  of  the  few  industrially  important  metals  that  are  not  produced 
in  the  United  States  in  quantity  commensurate  with  our  needs,  so  that 
we  have  been  compelled  to  import  annually  about  300,000  tons,  having 
a  value  of  over  $2,000,000,  and  these  ores  have  been  obtained  from  the 
three  countries  mentioned  above.  Their  rank  as  contributors  to  our 
imports  of  manganese  ores  was  India,  Russia,  Brazil;  and  in  1913, Brazil 
contributed  only  one-fifth.  During  the  past  2  years  Brazil  has  furnished 
rapidly  increasing  quantities  to  this  country,  and,  with  the  falling  off  of 
imports  from  India  and  Russia,  has  become  our  principal  foreign  source. 
In  1914,  Brazil  furnished  two-fifths  of  the  imports  and  more  than  India 
or  Russia,  and  in  1915  over  nine-tenths.  The  manganese  ores  of  Brazil 
are  consequently  of  more  than  usual  interest  to  us  at  this  time. 

The  Manganese-Ore  Districts  of  Brazil 

The  manganese  mining  industry  of  Brazil  dates  from  the  year  1894, 
and  since  that  year  the  total  production  has  been  over  3,000,000  tons. 
With  the  exception  of  a  small  quantity  produced  in  the  State  of  Bahia 
from  deposits  west  of  the  City  of  Bahia,  this  output  has  come  from  the 

♦  Associate  in  Economic  Geology,  Johns  Hopkins  University, 
t  Professor  of  Geology,  Lehigh  University. 
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State  of  Minas  Geraes  and  has  been  exported  through  the  port  of  Rio  de 
Janeiro.  In  Minas  Geraes  there  are  two  distinct,  though  not  widely 
separated,  manganese  districts,  known  generally  as  the  Miguel-Bumier 
and  the  Queluz  or  Lafayette  districts.  The  Miguel-Bumier  district  was 
the  first  to  be  developed  and  for  a  number  of  years  was  the  more  impor- 
tant producer;  but,  since  the  phenomenal  development  of  the  Morro  da 
Mina  mine,  the  Lafayette  district  has  assumed  far  greater  importance. 
In  order  to  contrast  the  modes  of  occurrence  of  the  deposits  in  the 
two  districts,  a  brief  description  of  the  Miguel-Bumier  district  will  be 
given,  in  the  nature  of  a  summary  of  a  previously  published  fuller  account.  * 
The  deposits  of  this  district  extend  as  a  narrow  belt  about  10  miles  long, 
parallel  to  the  Ouro  Preto  branch  of  the  Estrada  da  Ferra  Central  do 
Bresil,  and  lie  at  the  southern  edge  of  the  greai  iron-ore  region  of  central 
Minas  Geraes.  The  orebodies  occur  as  lenses  or  beds  intercalated  in  a 
series  of  sedimentary  strata  showing  a  rapid  succession  of  itabirite,  schist, 
calcareous  schist,  and  limestone.  Stratigraphically  they  are  found  in  the 
upper  part  of  the  Itabira  iron-formation  and  in  the  lower  part  of  the 
overlying  Piragicaba  schist,*  formations  of  probable  Algonkian  age. 
The  ores  are  very  high-grade  manganese  oxides,  chiefly  a  mixture  of 
psilomelane  and  pyrolusite,  averaging  50  per  cent,  manganese,  1  per  cent, 
silica,  and  0.03  to  0.05  per  cent,  phosphorus.  The  great  drawback  of  the 
district  is  the  fact  that  the  beds  are  steeply  dipping  and  narrow,  rarely 
over  6  ft.  in  width,  so  that  expensive  undergroimd  mining  must  be 
resorted  to,  and  the  individual  deposits  are  relatively  small.  Two  views 
have  been  advanced  to  explain  the  origin  of  the  ores.  H.  K.  Scott,  who 
has  written  the  most  complete  account  of  them,  says:'  "Whatever  may 
have  been  the  original  state  of  the  manganese  ore  bed,  there  can  be  no 
doubt  that  in  its  present  condition,  and  down  to  the  level  to  which  it  has 
been  worked,  it  is  a  residual  deposit  from  which  the  other  elements  have 
been  leached  out."  0.  A.  Derby,  in  a  discussion  of  Scott's  paper, 
endorsed  this  view  and  referred  to  the  original  state  of  the  manganese 
ore  beds  as  limestone  with  varying  proportions  of  metallic  carbonates 
and  siliceous  impurities.^  On  the  other  hand.  Harder  and  Chamberlin 
say:*  "From  their  occurrence  it  must  be  assumed  that  they  are  similar 
in  origin  to  the  associated  rocks,  that  is,  that  they  are  original  sedimentary 

^  Joseph  T.  Singewald,  Jr.,  and  Benjamin  LeRoy  Miller:  High-Grade  Manganese 
Ores  of  Brazil.     The  Iron  Age,  vol.  97,  pp.  417-420  (1916). 

'  E.  C.  Harder  and  R.  T.  Chamberlin:  Greology  of  Central  Minas  Geraes,  Brazil. 
Journal  of  Geology,  vol.  23,  pp.  358-363  (1915). 

E.  C.  Harder:  Manganese  Ores  of  Russia,  India,  Brazil  and  Chile.  BviUeUn 
No.  113,  p.  788  (May,  1916). 

*  H.  K.  Scott:  Manganese  Ores  of  Brazil.  Journal  oj  the  Iron  and  Steel  Instiiute, 
vol.  67,  pp.  188-189  (1900). 

« Idem,  p.  212. 

»  Op.  cU.,  p.  406. 
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deposits  of  manganese  oxide."  The  same  statement  is  made  by  Harder 
alone.*  Our  own  feeling  is  that  while  one  cannot  positively  state  that 
the  ores  were  not  laid  down  in  the  form  of  manganese  oxides  as  integral 
parts  of  a  sedimentary  series,  their  relations  to  the  associated  limestones 
are  such  as  to  make  their  interpretation  as  residual  products  of  decompo- 
sition and  replacement  of  manganiferous  limestone  the  more  probable 
explanation  of  their  origin. 

The  Lafayette  Distbict 

Manganese  deposits  were  discovered  in  the  Lafayette  district  imme- 
diately after  the  inauguration  of  mining  operations  in  the  Miguel-Bumier 
district  stimulated  a  search  for  manganese  ores  in  Minas  Geraes,  but  it 
was  not  until  the  year  1900  that  the  district  became  a  regular  producer, 
an  output  of  31,000  tons  coming  from  the  Piquery  and  Sfio  Gon^alo 
Mines  in  that  year.  This  was  increased  to  nearly  75,000  tons  the  following 
year,  a  production  considerably  in  excess  of  that  of  the  entire  Miguel- 
Bumier  district.  In  1902,  the  Morro  da  Mina  came  in  as  a  producer  and 
firmly  established  the  district  as  the  chief  manganese-producing  district 
of  Brazil. 

Lafayette  is  a  station,  located  at  the  edge  of  the  town  of  Queluz, 
on  the  Estrada  da  Ferra  Central  do  Bresil,  about  32  km.  south  of  Bumier 
and  462  km.  from  Rio  de  Janeiro.  From  the  fact  that  the  most  important 
producmg  mines  have  been  located  in  its  vicinity  the  district  has  been 
generally  referred  to  as  the  Lafayette  district.  The  most  important 
mine  at  present  is  the  Morro  da  Mina,  owned  and  operated  by  a  Bra- 
zilian company  known  as  the  Companhia  Morro  da  Mina,  which  has 
increased  its  production  to  700  tons  per  day.  It  is  located  7  km.  north- 
east of  Lafayette.  On  the  same  hill,  a  German  company  under  the  name 
Minera^ao  de  Agua  Preta  has  been  working  the  rubble  ores  to  the  east 
of  the  Morro  da  Mina  ground.  This  company  is  producing  at  the  rate 
of  2,000  tons  per  month  and  in  the  6  or  7  years  it  has  been  operating  has 
produced  a  total  of  200,000  tons.  On  a  small  hill  to  the  southeast  of  the 
Morro  da  Mina,  the  extension  of  that  zone  is  being  developed  by  a 
company  known  as  the  Companhia  Queluz  da  Mina.  The  only  other 
producing  mine  is  the  Cocuruto  which  lies  about  40  km.  southwest  of 
Lafayette  and  is  connected  with  the  railroad  at  Christiano,  a  station  23 
km.  further  south,  by  a  60-cm.  gage  line  40  km.  in  length.  This  mine 
has  been  operated  about  7  years  and  is  producing  3,000  tons  monthly. 
It  is  owned  by  a  Belgian  company,  the  Soci6te  Anonyme  de  Manganese 
de  Ouro  Preto,  which  formerly  worked  the  Sao  Gon^alo  Mine.  After 
each  had  produced  about  250,000  tons  of  ore,  the  Sao  Gon^alo  and 
Piquery  mines  were  abandoned   10  years  ago  as  worked  out.     They 

» Ov^  cit.,  p.  791. 
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were  located  about  15  km.  northwest  of  Lafayette.  The  Piquery 
Mine  U  of  particular  interest  in  that  it  is  the  only  one  of  which  there  is 
is  a  geological  description  and  it  was  there  that  Derby  obtained  the  first 
evidence  of  the  original  character  of  the  manganese  rock  from  which  the 
ores  were  derived. 

In  addition  to  those  mentioned,  a  number  of  other  deposits  have 
been  discovered  and  prospected  to  some  extent,  but  apparently  the  results 
were  not  favorable  enough  to  warrant  further  development  as  none  of 
them  became  important  producers.  It  is  certain,  however,  that  the  dis- 
trict has  not  been  thoroughly  prospected  and  there  is  every  reason  to 
expect  that  systematic  exploration  would  discover  deposits  equal  to 
those  that  have  been  found. 

Geology  of  the  Lafayette  District 

The  geology  of  the  Lafayette  district  differs  markedly  from  that  of 
the  Miguel-Burnier.    It  lies  to  the  south  of  the  area  underlain  by  the 


great  iron-bearing  series,  and  its  ores  are  found  in  the  basement  complex 
of  supposed  Archean  age  which  tmderUes  a  large  part  of  the  state  of  Minas 
Geraes.  The  rocks  making  up  this  basement  complex  are  chiefly  granite 
and  gneiss  with  which  are  associated  amphibohte,  and  micaceous  and 
quartzose  schists.  There  are  also  small  intrusions  of  diorite  and  gabbro, 
mostly  in  the  form  of  dikes.  The  granite  seems  to  be  intrusive  into  the 
gneiss  and  schist,  but  the  relations  between  the  schist  and  gneiss  are  not 
clear. 


JOSEPH  T.   SINGEWALD,  JR.,    AND  BENJAMIN  LEBOT  MILLER       1749 

The  manganese  deposits  occur  as  elongated  masses  of  more  or  less 
lenticular  shape  Within  the  rocks  of  the  basement  complex.  As  will  be 
explained  below,  they  represent  residual  products  of  decomposition  of  an 
original  manganiferous  rock  made  up  of  manganese  carbonate  and  sili- 
cates. The  immediate  wall-rock  of  the  deposits  has  Ukewise  imdergone 
decomposition,  in  many  instances  being  nothing  more  than  a  clay  in 
which  the  original  rock  texture  is  poorly  preserved,  so  that  it  is  usually 
difficult  to  determine  its  original  character.  In  most  cases,  however, 
it  seems  io  have  been  either  gneiss  or  schist.  The  contact  of  wall-rock 
and  ore  generally  appears  quite  sharp,  as  is  shown  in  Fig.  1,  but  closer 
examination  often  reveals  small  nests  and  stnngers  of  manganese  oxide 
in  the  decomposed  rock.  There  are  also  horses  of  equally  decomposed 
rock  and  of  the  same  character  within  the  orebodies  themselves. 

• 

The  Piquery  Mine 

The  geological  relations  of  the  Piquery  orebody  have  been  described 
by  0.  A.  Derby  in  two  papers  published  in  1901  and  1908,'  and  the  follow- 
ing account  is  abstracted  from  them. 

"The  Piquery  orebody  presents  the  appearance  of  a  mass  of  secondary  material, 
or  gofisan,  resulting  from  the  alteration  of  a  vertical  dike  or  vein,  some  10  or  12  m. 
wide.  .  .  .  The  ore  is  a  hard  spongy  black  oxide,  apparently  consisting  for  the  most 
part  of  psilomelane  but  with  an  admixture  of  other  oxides  that  frequently  occur  in 
beautiful  crystallizations  in  the  spongy  cavities.  .  .  .  In  the  midst  of  the  merchantable 
ore  occur  inconstant  bands  and  patches  of  hard  siliceous  material  with  the  appearance 
of  a  quartzite,  but  which  on  examination  proves  to  be  composed  almost  exclusively 
of  a  finely  granular  mass  of  ashy  white  manganese  garnet.  A  complete  series  of  altera- 
tion phases  between  perfectly  typical  garnet  rock  and  merchantable  ore  can  be  readily 
selected,  and  there  can  be  no  doubt  that  the  latter  results  from  the  decay  and  leaching 
of  the  former." 

Derby  describes  three  phases  of  the  garnet  rock  that  he  observed  in 
1901: 

"  1.  A  very  fine-grained,  compact  and  finely  jointed  rock  of  bluish-gray  color  with 
partings  lined  with  asbestus.  Under  the  microscope  the  rock  is  seen  to  be  composed 
almost  exclusively  of  closely  appressed  idiomorphic  grains  of  white  garnet  showing  a 
clear  border  but  with  the  center  highly  charged  with  a  fine  black  opaque  powder  that 
appears  to  be  graphite.  .   .   . 

"2.  A  dark  brown  rock  heavily  charged  with  manganese  oxide  and  too  friable 
to  permit  the  preparation  of  microscopic  sections  is  evidently  of  the  same  type  but 
more  completely  decomposed.  .    .   . 

^  O.  A.  Derby :  On  the  Manganese-Ore  Deposits  of  the  Queluz  (Lafayette)  District 
Minas  Geraes,  Brazil.  American  Journal  of  Science,  Ser.  4,  vol.  12,  pp.  18-32  (July, 
1901). 

0.  A.  Derby:  On  the  Original  Type  of  the  Manganese-Ore  Deposits  of  the  Queluz 
District,  Minas  Geraes,  Brazil.  American  Journal  of  Science,  Ser.  4,  vol.  25,  pp. 
213-216  (March,  1908). 
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"3.  A  milky  white  rock  which  under  the  microscope  is  seen  to  be  composed  of 
about  equal  parts  of  garnet  and  quartz.  .  .  .  The  quartz  in  a  fine  mosaic  about 
the  garnet  grains  and  in  minute  refilled  joints  is  almost  certainly  secondary." 

Residues  of  manganese  garnet  were  likewise  found  by  Derby  at  the 
S^  Gon^alo,  Morro  da  Mina,  Agua  Limpa  and  Barroso  Mines.  The 
last  two  mines  were  located  about  10  km.  southeast  and  9  km.  south  of 
Lafayette  respectively.  As  the  result  of  his  observations  at  these  mines, 
Derby  drew  the  following  conclusions  concerning  the  origin  of  the  deposits : 

"The  orebodies  of  the  Queluz  district  are  residual  deposits  derived  through 
decomposition  and  leaching  from  an  original  type  or  types  of  rock  in  which  manganese 
garnet  was  the  most  constant  and  characteristic  silicate  element.  .  .  .  This  type, 
which  may  appropriately  be  denominated  queVaeiU,  is  more  or  less  intimately  asso- 
ciated at  Sao  GongalOi  Morro  da  Mina  and  Barroso  with  decomposed  schistose  rocks 
that  evidently  contained  an  original  manganese-bearing  silicate  and  which  from  the 
absence  of  recognizable  clastic  elements  and  from  other  characteristics,  so  far  as  they 
can  be  made  out,  is  presumed  to  have  been  an  amphibolic  schist  representing  a  sheared 
basic  eruptive.  ...  In  the  Agua  Limpa  schist  moreover,  the  manganese-bearing  ele- 
ment is  spessartine,  as  in  the  orebodies,  thus  giving  greater  plausibility  to  the  hyix>the- 
sis  that  the  relation  between  these  last  and  the  above-mentioned  rocks  may  be  a  genetic 
one.  If  thus  related,  the  orebodies  present  strong  analogies  with  those  of  magnetic, 
titaniferous  and  chromic  iron  ores  that  are  now  generally  considered  as  magmatic 
segregations  in  various  types  of  eruptives,  and,  all  things  considered,  this  hypothesis 
seems  the  most  plausible  one  for  the  manganese  ores  here  discussed." 

After  the  Piquery  orebody  was  worked  out  and  the  original  manganif- 
erous  rock  was  exposed  in  the  bottom,  Derby  made  a  further  study  of  it, 
the  results  of  which  are  given  in  the  1908  paper.  He  found  that  the  rock 
consists  mainly  of  "a  black,  fine-grained,  highly  jointed  and  somewhat 
flaggy  rock  with  the  aspect  of  a  limestone,  with  broad  bands  and  patches 
of  a  more  massive,  yellowish-gray  rock  with  the  aspect  of  a  quartzite." 
The  latter  is  the  garnet  rock  described  in  the  previous  paper,  but  which 
now  turns  out  to  be  of  secondary  importance.  The  limestone-Uke  rock 
on  treatment  with  cold  weak  acid  effervesces  freely  with  an  abundant 
separation  of  gelatinous  silica  and  an  insoluble  residue  containing  spes- 
sartite  and  graphite.  In  places  there  is  also  a  considerable  admixture 
of  rose-colored  rhodonite  in  streaks  and  patches  as  the  predominant 
component.  Microscopic  examination  by  Dr.  Hussak  showed  the  rocks 
to  consist  of  manganese  carbonate,  tephroite,  and  spessartite  with  a 
small  amount  of  rhodonite.  The  paper  gives  three  analyses  of  these 
rocks,  of  which  No.  I  was  selected  with  reference  to  a  supposed  high 
carbonate  content,  No.  II  as  having  a  lower  carbonate  content,  and  No. 
Ill  was  taken  from  the  earlier  paper  and  represents  the  garnet  rock  first 
found. 

For  the  piu-pose  of  comparing  the  rocks  represented  by  these  analyses 
with  the  Morro  da  Mina  rocks  described  below,  their  mineralogic  compo- 
sition has  been  calculated  approximately  on  the  basis  of  their  described 
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Analyses  of  Original  Manganese  Rock  at  Piquery 

I 

H 

III 

CO2 

SiO, 

MnO 

22.62 
11.80 
47.52 

4.59 
27.69 
57.48 
1.41 
2.48 
1.82 
4.60 

38.47 
27.90 

A1,0, 

7.50 

21.07 

Fe,0, 

CaO 

•  •  • .  • 
3.76 

7.38 
4.70 

MgO 

6.27 

99.47 

100.05 

99.52 

mineralogic  characteristics.  The  commercial  ores  average  twice  as  high 
in  alumina  as  in  ferric  iron  and  on  this  basis  there  is  just  enough  ferric 
iron  and  alumina  in  analysis  I  to  take  care  of  the  silica  in  forming  spes- 
sartite.  If  all  the  CO2  is  calculated  as  rhodochrosite,  there  is  a  deficiency 
of  4  per  cent.  MnO.  But  there  is  more  than  enough  CaO  and  MgO  to 
take  care  of  this  deficiency,  so  that  roughly  this  rock  consisted  of  32.6 
parts  of  spessartite  and  59  parts  of  manganese  carbonate  by  weight,  or 
32  and  68  parts  respectively  by  volume.  If  in  analysis  II,  the  ferric 
oxide  and  alumina  are  calculated  as  manganese  garnet,  the  CO2  as  rhodo- 
chrosite and  the  remaining  silica  as  tephroite,  there  is  a  deficiency  of 
nearly  9  per  cent.  MnO  which  is  slightly  more  than  covered  by  the  CaO 
and  MgO.  On  this  basis  the  rock  consisted  of  12  parts  of  rhodochrosite, 
14.5  parts  of  spessartite  and  75.2  parts  of  tephroite  by  weight,  or  17,  17.5 
and  65.5  parts  respectively  by  volume.  Analysis  III  represents  a  garnet 
rock  with  a  little  more  alumina  and  about  4  per  cent,  more  silica  than  is 
needed  to  take  care  of  the  MnO,  CaO,  MgO  and  iron  considered  as 
ferrous  iron.  On  this  basis  it  consisted  of  65  parts  of  spessartite,  12.6 
of  grossularite,  and  15.3  of  almandite  by  weight.  Actually,  of  course, 
the  rock  consisted  of  a  garnet  intermediate  in  composition  between  the 
three  but  more  nearly  approaching  the  composition  of  spessartite.  These 
calculations  show  the  same  great  variation  in  the  mineralogic  composition 
of  the  Piquery  rock  that  is  found  at  the  Morro  da  Mina  Mine,  except 
that  rhodonite  does  not  appear  to  have  the  prominence  it  attains  at  the 
latter. 

These  new  observations  necessitated  different  conclusions  and  Derby 
in  this  second  paper  says  of  the  deposits  that  they  "seem  to  be  due  to 
the  alteration  of  an  original  rock  with  predominant  carbonate  of  man- 
ganese and  tephroite  rather  than  of  spessartite  and  rhodonite  as  hitherto 
supposed."  In  regard  to  the  genesis  of  the  rock  he  is  silent  in  this  paper, 
nor  does  he  apply  the  term  queluziie  to  it. 
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The  Motto  da  Mina  Mine 

The  Morro  da  Mina  Mine  is  located  on  a  hill  2  or  3  miles  north  of  the 
town  of  Queluz,  which  has  an  elevation  of  1,110  m.  above  sea  level  and 
rises  to  a  height  of  200  m.  above  the  surrounding  country.     A  branch 


line  of  the  railroad  connects  the  mine  with  the  E^strada  da  Ferra  Central 
do  Bresil  at  Lafayette,  so  that  the  ore  can  be  loaded  into  the  cars  at  the 


mine  and  requires  no  further  handling  until  transferred  to  ships  for  expor- 
tation at  Kio  de  Janeiro.  The  mine  presents  one  of  the  most  remark- 
able manganese  deposits  in  the  worM  both  in  respect  to  size  and  quality 
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of  the  ore;  in  fact,  the  manager  gt  the  mine,  J.  de  A.  Lustosa,  says  it  is 
the  largest  known  deposit  of  high-^ade  manganese  ore.  Since  it  became 
an  important  producer  in  1902,  it  has  yielded  a  total  of  over  1,000,000 
tons,  and  in  1915  its  production  was  about  200,000  tone.  Development 
work  has  proved  an  ore  reserve  of  10,000,000  tons. 

The  orebodies  occur  at  the  top  and  on  the  flanks  of  the  hill  aa  a  series 
of  more  or  less  overlapping  lenses  extending  in  a  direction  N  35°  W., 
with  a  vertical  dip  and  a  pitch  of  45°  to  the  southeast.  The  relative 
positions,  shapes  and  sizes  of  the  orebodies  that  have  been  developed  as 
they  occiu-  on  the  level  55  m.  below  the  top  of  the  hill  are  shown  on  the 
mine  map  in  Fig.  2.  The  four  lai^est  are  known  as  Zona  I,  II,  III  and 
IV  respectively  and  have  maximum  dimensions  of  200  by  30  m.,  420 


a  Qi;iTB  Feb- 

by  120  m.,  140  by  70  m.,  and  100  by  20  m.  In  depth  Zona  I  and  Zona  II 
have  been  cut  by  a  development  tunnel  130  m.  below  the  summit  of  the 
hill,  indicating  that  the  ores  extend  at  least  that  far  down.  In  addition 
to  the  ores  in  situ,  a  large  part  of  the  hillside  below  the  ore  outcrops  is 
covered  with  rubble  ore  derived  from  them. 

The  ore  consists  for  the  most  part  of  psilomelane,  which  occurs  in 
a  variety  of  forma.  Most  commonly  it  is  simply  more  or  less  drusy 
massive  psilomelane  as  in  Fig.  3,  but  mammillary,  botryoidal  and  con- 
cretionary forms  are  abundant  and  frequently  quite  elaborate.  The 
surface  of  some  of  these,  except  for  the  black  color,  reminds  one  of  cauli- 
flower. A  typical  specimen  is  illustrated  by  Fig.  4.  Associated  with 
the  psilomelane  is  considerable  manganite  and  pyroltisite  which  occur 
for  the  most  part  as  cavity  linings  and  fillings  in  the  former.  The  man- 
ganite occurs  lining  the  cavities  both  in  radiating  groups  of  acicular  crys- 
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tals  and  in  distinct  prismatic  crystals.  The  pyrolusite  is  often  pseudo- 
morphic  after  manganite  showing  that  it  has  in  part  been  derived  from  it. 
The  average  composition  of  the  ore  as  shipped  is: 

Average  Analysis  of  Morro  da  Mina  Ore 

Water  at  100**  C 2.50  per  cent. 

Volatile 12 .  40  chiefly  oxygen. 

Insol.  Residue '3.46 

Fe20t-AljOj 8 .  75  alumina  about  twice  ferric  content. 

SiUca 1.76 

P 0.069 

S Absent 

Manganese 50. 47 

It  is  of  interest  to  compare  this  average  with  the  following  mean  of 
analyses  of  cargoes  of  manganese  ores  landed  at  Middlesborough,  Eng- 
land, during  the  years  1897  to  1906  as  compiled  by  L.  L.  Fermor*  for 
samples  dried  at  100®  C. : 

India  Ruasia 

Mn 50.86  49.58 

Iron 6.31  0.83 

Silica 5.71  10. 17 

P 0. 127  0, 161 

Alumina,  etc 6.80  12.77 

These  figures  indicate  that  the  three  countries  produce  very  high-grade 
ore  with  the  advantage  in  favor  of  the  Brazilian  ores,  particularly  over 
the  Russian,  as  regards  silica  and  phosphorus. 

The  ore  is  mined  by  hand  for  the  most  part  in  open  cuts.  A  number 
of  tunnels  and  adits  have  been  driven,  but  these  were  intended  either  for 
development  purposes  or  to  connect  the  various  open  cuts  to  give  access 
to  the  loading  platforms  and  bins  at  the  railroad.  The  method  in  vogue 
is  to  strip  the  orebody  of  such  overburden  as  it  may  carry,  and  then  as 
the  ore  is  mined  screen  it  over  iron  screens  with  0.8-in.  square  openings. 
The  oversize  is  the  merchantable  ore.  The  screenings  constituting  15 
per  cent,  of  the  crude  ore,  carry  34  to  35  per  cent.  Mn  and  are  being 
stored  apart  from  the  waste  to  be  beneficiated  at  some  future  time.  The 
ore  in  situ  furnishes  two-thirds  of  the  present  output,  and  one-third  is 
derived  from  workings  in  the  rubble  ores. 

The  Original  Manganese  Rock 

Though  decomposition  of  the  original  manganese  rock  has  extended 
to  considerable  depth  in  places  in  the  Morro  da  Mina  Mine,  to  at  least 
130  m.  as  demonstrated  in  the  exploratory  tunnel  previously  mentioned, 

^L.  L.  Fermor:  Manganese-Ore  Deposits  of  India.  Memoirs  of  the  Geological 
Survey  of  India,  vol.  37.  Pt.  Ill,  p.  518  (1909). 
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portions  of  the  rock  have  escaped  alteration  and  are  well  exposed  in  the 
mine  workings.  A  large  mass  of  the  rock  ia  actually  exposed  at  the  sur- 
face at  the  southwest  corner  of  the  outcrop  of  Zona  II.  It  is  character- 
ized by  a  predominance  of  the  silicates,  and  especially  garnet,  and  for 
that  reason  has  not  succumbed  to  the  processes  of  weathering.  The 
abrupt  transition  from  this  rock  to  ore  is  shown  in  Fig.  5,  and  it  is  only 
the  presence  of  numerous  stringers,  tongues  and  patches  of  manganese 
oxide  penetrating  the  rock  close  to  the  ore  that  makes  clear  their  genetic 
relations.  More  interesting  and  instructive  exposures  are  found  in  the 
130-m.  tunnel.  This  tunnel  crosscuts  in  a  westerly  direction  the  decom- 
posed country  rock  for  120  m.  to  Zona  I,  then  cuts  diagonally  across  it 
in  good  ore  for  150  m.,  and  on  emerging  penetrates  50  m.  of  the  manganese 


rock  to  the  ore  of  Zona  II.  After  again  cutting  50  m.  of  ore,  a  small  horse 
of  the  manganese  rock  is  encountered  with  ore  on  the  opposite  side.  The 
four  contacts  of  ore  and  rock  exposed  in  this  tunnel  showed  the  same  rapid 
change  from  one  to  the  other  with  only  a  narrow  transition  zone  marked 
by  stringers  and  tongues  of  the  black  manganese  oxide  penetrating  the 
manganese  rock. 

Most  of  this  rock  has  the  appearance  of  a  fine-grained  dark  gray 
crystalline  limestone  and  is  easily  scratched  with  the  point  of  the  pick. 
Its  specific  gravity,  however,  is  considerably  above  that  of  limestone. 
Here  and  there  are  brown  patches  and  streaks  with  a  violet  tinge  that 
consist  of  massive  garnet,  and  there  are  frequently  spots  and  stringers 
of  pink  rhodonite  that  at  once  attract  attention.    A  closer  examination 
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reveals  the  presence  of  sufficient  light  pink  silicate  in  much  of  the  material 
to  give  a  pinkish  tone  to  its  dominant  ^ay  color. 

Examination  of  thin  sections  shows  that  the  essential  constituents 
are  manganese  carbonate,  spessartite,  rhodonite  and  tephroite.  Taking 
the  average  of  all  the  rock,  the  manganese  carbonate  is  the  most  abimdant 
mineral  and  the  tephroite  the  least  abundant.  The  spessartite  is  more 
widespread  in  its  distribution  but  probably  not  much  in  excess  of  the 
rhodonite  in  actual  quantity.  The  relative  quantity  of  the  different 
minerals  varies  most  widely,  so  that  some  of  the  rock  consists  almost 
entirely  of  one  of  the  minerals  while  some  has  them  present  in  almost 
equal  quantity,  with  the  exception  of  the  tephroite,  which,  in  the  sec- 
tions examined,  was  never  present  in  more  than  subordinate  amount. 
In  this  respect  the  rock  differs  from  the  Piquery  rock  described  by  Derby 
in  which  tephroite  was  prominent  and  rhodonite  a  subordinate  constitu- 
ent. Which  of  the  two  minerals  was  formed  in  a  given  case  depended 
undoubtedly  on  the  relative  amount  of  silica  available,  a  low  silica  con- 
tent giving  rise  to  the  formation  of  the  orthosiUcate  tephroite  and  a 
higher  silica  content  to  the  metasilicate  rhodonite. 

A  thin  section  of  a  specimen  most  closely  resembling  crystalline  lime- 
stone consists  almost  entirely  of  anhedral  grains  of  manganese  carbonate 
averaging  between  0.16  and  0.25  mm.  in  diameter.  That  the  carbonate 
is  essentially  manganese  carbonate  rather  than  calcium  or  magnesium 
carbonate  is  shown  by  the  specific  gravity  of  the  rock,  which  is  3.55. 
The  manganese  carbonate  is  swarming  with  flakes  of  graphite  ranging 
in  size  from  0.03  to  0.08  mm.  and  somewhat  less  abundantly  with  small 
garnets  ranging  from  0.01  to  0.03  mm.  in  diameter.  In  the  entire  slide 
there  are  only  a  few  small  areas  containing  rhodonite  or  tephroite. 
The  minute  garnets  in  this  slide  differ  from  the  larger  garnets  in  the  more 
siliceous  phases  of  the  rock  in  being  perfectly  clear,  whereas  the  latter  are 
characterized  by  the  presence  of  numerous  minute  black  inclusions  such 
as  described  by  Derby  as  graphite  in  the  rocks  studied  by  him.  Another 
specimen  of  more  siliceous  looking  rock  with  a  pinkish  tone  and  streaks 
of  rhodonite  shows  in  thin  section  manganese  carbonate,  garnet,  rhodo- 
nite and  tephroite  in  abundance.  The  constituents  average  in  size  from 
0.08  to  0.16  mm.  with  a  few  larger  crystals  of  rhodonite^.  As  is  generally 
the  case,  the  garnets  are  pronouncedly  euhedral  while  the  other  minerals 
are  anhedral.  A  specimen  of  particularly  siliceous  looking  rock  having 
a  specific  gravity  of  3.8  consists  for  the  most  part  of  rhodonite  with  which 
is  associated  considerable  euhedral  garnet.  The  rock  itself  is  light  brown 
in  color  with  a  distinct  pinkish  tone.  In  addition  to  the  silicates  there 
is  also  an  appreciable  amount  of  the  carbonate  present.  The  gainets 
range  in  size  from  0.10  to  0.15  mm.  and  the  rhodonite  crystals  average 
about  two  or  three  times  as  large.  Other  thin  sections  show  essentially 
similar  features. 
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The  maoDer  in  which  this  rock  undergoes  alteration  to  manganese 
oxides  is  very  interesting.     A  specimen  undergoing  oxidation  is  illustrated 


Fio.  6. — Polished  Surface  of  thb  Orioinaii  Manganese  Rock  in  Part 
ALTERED  TO  OxiDEB  OF  Manoahese.  (Black  arias  and  patches  represent  the 
manganese  oxides.) 

in  Fig.  6.    As  the  oxidizing  solutions  penetrate  the  rock  they  first  break 
down  the  manganese  carbonate,  tephroite  and  rhodonite  and  leave 


behind  embedded  in  the  manganese  oxides  the  grains  of  garnet.    That  is, 
oxidation  does  not  run  ahead  decomposing  the  manganese  carbonate  first 
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and  then  as  a  more  advanced  stage  tephroite  and  rhodonite  successively, 
as  one  might  expect;  but  the  three  minerals  are  replaced  simultaneously 
at. the  very  front  of  the  advance  of  oxidation.  A  magnified  polished  sur- 
face of  rock  which  has  undergone  this  first  stage  of  alteration  is  shown 
in  Fig.  7,  in  which  the  garnet  crystals  are  seen  disseminated  in  a  matrix 
of  manganese  oxides.  Such  material  from  this  mine  was  described  by 
Derby  in  his  first  paper  and  both  minerals  considered  primary  elements 
of  the  rock.  In  his  second  paper  he  doubted  this  first  interpretation  and 
was  more  inclined  to  regard  the  manganese  oxide  a  residue  of  the  altera- 
tion of  original  carbonate  and  silicate  minerals  with  retention  of  the 
spessartite.  The  evidence  of  the  thin  sections  makes  clear  that  the 
latter  is  the  true  explanation.  As  this  material  is  further  worked  on  by 
the  oxidizing  solutions,  the  garnet  begins  to  succumb  around  the  peri- 
phery of  the  grains  and  along  fractures  until  finally  it  too  has  been 
replaced  by  the  manganese  oxides. 

Genesis  of  the  Lafayette  Type  of  Deposit 

The  manganese  deposits  of  the  Lafayette  district  inevitably  caII  to 
one's  mind  the  Indian  deposits  which  Ukewise  consist  of  manganese 
oxides  associated  with  manganese  siUcate  rocks,  and  as  we  shall  have  occa- 
sion to  refer  to  them  in  the  discussion  of  their  genesis,  it  will  be  helpful 
to  summarize  at  the  outset  certain  of  the  salient  features  of  the  Indian 
deposits  as  described  by  L.  L.  Fermor.®  There  are  two  main  types  of 
manganese  deposits  in  India,  associated  respectively  with  the  kodurite 
and  gondite  rocks.  The  former  are  found  in  the  Vizagapatam  district 
on  the  east  coast,  the  latter  in  the  Central  Provinces  and  other  parts  of 
India.  Typical .  kodurite  is  composed  of  potash  feldspar,  manganese 
garnet  and  apatite,  with  or  without  pyroxene.  From  the  mineralogical 
and  chemical  composition  of  the  rock  and  its  geologic  relations,  Fermor 
concludes  that  kodurite  is  an  igneous  rock.  It  was  subjected  to  altera- 
tion imder  oxidizing  conditions  and  gave  rise  to  the  manganese  ores.  He 
finds  that  the  manganese  garnet  is  the  most  stable  mineral  and  is  often 
left  behind  in  a  matrix  of  psilomelane.  To  the  gondite  rocks  he  gives 
an  entirely  different  interpretation.  He  thinks  they  were  originally 
deposited  as  sediments  and  the  manganese  which  they  contain  as 
chemical  sediments,  most  probably  in  the  form  of  oxide,  though  perhaps 
to  a  limited  extent  as  carbonate.  These  sediments  were  later  subjected 
to  intense  dynamo-metamorphism,  and  where  they  consisted  of  relatively 
pure  chemical  sediments  of  manganese  were  converted  into  compact 
psilomelane  and  braunite.  Where  alumina  and  silica  had  also  been  de- 
posited, spessartite  and  rhodonite  were  formed,  and  if  there  was  an  ex- 
cess of  silica  it  was  crystallized  as  quartz.    The  resultant  rock  is  called 

•  Op.  cU. 
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gondite.  Typical  gondite  is  a  very  fine-grained  rock  consisting  of  tiny 
round  grains  of  spessartite  set  in  a  mosaic  of  quartz.  Where  alumina 
is  deficient  rhodonite  is  found.  The  ores  associated  with  the  gondite 
rocks,  Fermor  believes  are  the  result  of  combined  decomposition  and 
replacement  of  them  by  waters  containing  CO2  and  0,  but  that  this  action 
took  place  at  considerable  depth  and  that  the  carbon  dioxide  was  a  por- 
tion of  that  liberated  in  the  metamorphism  of  the  rocks  of  the  region  and 
the  oxygen  a  portion  of  that  liberated  in  the  conversion  of  the  original 
manganiferous  sediments  into  the  manganese  silicate  rocks.  A  small 
proportion  of  softish  and  more  or  less  porous  ore  he  attributes  to  the  later 
surficial  alteration  of  the  gondite. 

An  explanation  of  the  genesis  of  the  Lafayette  manganese  deposits 
involves  two  problems:  First,  the  genesis  of  the  original  manganese 
rock;  second,  the  alteration  of  it  to  manganese  oxides,  that  is,  to  the 
manganese  ores. 

As  the  evidence  is  beyond  question  in  regard  to  the  second  stage  in 
the  formation  of  these  ores,  that  problem  will  be  discussed  first.  The 
manner  of  occiu'rence  of  the  orebodies,  as  for  instance  the  change  in 
depth  of  the  Piquery  ores  into  the  manganese  rock,  the  abundant  evi- 
dence of  the  alteration  near  the  surface  of  the  manganese  rock  into  ore 
and  the  microscopic  evidence  of  the  same  phenomenon,  point  immistak- 
ably  to  the  derivation  of  the  ores  from  the  manganese  rock  imder  condi- 
tions of  weathering  in  the  zone  of  oxidation.  That  is,  the  ores  were 
formed  under  conditions  similar  to  those  that  gave  rise  to  the  ores  of  the 
kodurite  rocks  of  India  and  not  as  Fermor  thinks  most  of  the  ores  in 
the  gondite  series  were  formed.  The  chemistry  of  the  alteration  of  the 
Brazilian  manganese  rock  is  simple  compared  with  that  of  the  kodurite. 
The  principal  constituents  to  be  removed  are  the  CO2  of  the  manganese 
carbonate  and  the  Si02  of  the  silicates.  Examples  of  the  eflBicacy  of 
meteoric  waters  for  that  purpose  are  so  abundant  and  generally  recog- 
nized that  this  part  of  the  process  hardly  requires  elaboration.  The 
imiversal  alteration  of  iron  carbonates  to  oxides  and  hydroxides  in  the 
zone  of  oxidation  and  the  enormous  amount  of  silica  removed  from  the 
iron  silicates  in  the  formation  of  the  Lake  Superior  iron  ores  are  illustra- 
tions of  the  same  chemical  actions  on  similar  compounds  of  a  chemically 
closely  related  element.  In  the  kodurite  rocks  the  removal  of  consider- 
able alumina  was  also  necessary  and  the  chemistry  of  this  was  the  only 
step  that  Fermor  foimd  at  all  difficult  to  explain.  But  even  the  very 
slight  solubility  of  alumina  in  ordinary  dilute  meteoric  waters  he  thought 
would  suffice  for  its  ultimate  removal.  This  difficulty,  however,  hardly 
enters  in  our  problem.  Except  in  the  case  of  the  local  phases  of  garnet 
rock,  which  has  anyhow  to  a  large  extent  resisted  alteration,  the  alumina 
content  of  the  original  rock  is  no  higher,  and  the  few  available  analyses 
would  indicate  actually  a  little  lower,  than  that  of  the  ores;  and,  further- 


1760  THB  MA.MOANB8E  OBBS  OF  THE  LAPATBTTB  DIBTBIC?r 

more,  the  total  amount  involved  in  either  is  not  over  5  per  cent.     CoDse- 
quently  the  problem  of  the  removal  of  silica  does  not  confront  us. 

The  ores  have  been  described  as  somewhat  porous  and  drusy,  but  by 
no  means  to  such  an  extent  as  would  be  called  for  if  they  merely  repre- 
sented the  residua]  product  of  leaching  of  manganese  carbonate  and 
silicates.  Nor  is  there  evidence  to  indicate  that  their  present  more 
compact  form  is  due  to  shrinkage  in  volume  or  compression  of  the  residual 
manganese  oxides;  but  the  evidence  both  megascopic  and  micmecoptc 
shows  that  the  decomposing  solutions  deposited  manganese  oxide,  vol- 
ume for  volume  for  the  silica  and  carbon  dioxide  removed.  Meteoric 
waters  encountering  such  large  quantities  of  manganese  carbonate  cer- 


tainly took  a  great  deal  of  it  into  so'ution  as  mfinganese  bicarbonate 
which  would  be  deposited  at  other  points  as  the  oxide;  and  in  this  way 
the  deposition  of  manganese  oxide  accompanied  the  leaching  of  the  other 
constituents  of  the  rock.  The  alteration  of  the  manganese  rock  to  ore 
was,  therefore,  one  of  simultaneous  leaching  and  addition,  resulting  in 
a  relatively  compact  mass  of  the  oxides.  The  present  drusy  character 
of  some  of  the  ore  is  clearly  the  result  of  subsequent  action  of  solution  and 
redeposition  by  meteoric  waters  upon  the  manganese  oxides  formed  in 
this  way. 

The  problem  of  the  ori^n  of  the  manganese  rock  is  not  so  easy  to  solve. 
One  is  at  once  confronted  with  the  fact  that  our  knowledge  is  rather 
meager  concerning  the  exact  nature  of  the  rocks  with  which  it  is  associated 
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and  its  geologic  relations  to  them,  a  full  knowledge  of  which  is  essential 
to  a  final  solution.  The  chemical,  mineralogic  and  petrographic  char- 
acters of  the  rock,  however,  do  rule  out  some -explanations,  and  point 
strongly  to  another.  Further,  the  geologic  relations  that  are  reasonably 
well  established  are  not  at  variance  with  this  explanation  but  in  a  measure 
support  it.  That  is,  the  sum  of  all  evidence  points  to  an  analogy  of  this 
rock  with  the  gondite  of  India.  We  believe  that  the  rock  is  the  product 
of  dynamo-metamorphism  of  manganese  sediments  deposited  in  the  form 
of  manganese  carbonate  with  var3ang  but  considerable  quantities  of 
silica  and  varying  but  smaller  quantities  of  alumina.  These  sediments 
differed,  therefore,  initially  from  the  gondite  sediments  in  averaging 
much  lower  in  silica,  and  by  the  deposition  of  the  manganese  in  the  form 
of  carbonate  instead  of  oxide;  and  this  initial  difference  in  composition 
accotmts  for  the  present  difference  in  mineralogy  of  the  two  rocks. 

The  greater  resistance  to  decomposition  of  the  garnet  in  the  manganese 
rock  at  the  Piquery  mine  led  Derby  in  1901  to  the  erroneous  conclusion 
that  it  consisted  essentially  of  manganese  garnet  and  to  establish  the 
rock  type  queluzite  to  which  he  attributed  an  igneouis  origin.  Later,  in 
1908,  he  foimd  that  the  garnet  rock  was  but  a  subordinate  phase  of  an 
entirely  different  type  of  rock  which  is  essentially  the  same  as  that  which 
we  found  abundantly  at  the  Morro  da  Mina  Mine.  Attention  has  been 
called  to  the  fact  that  in  this  later  paper  he  does  not  apply  the  term 
queluzite  to  this  rock  and  ventures  no  opinion  as  to  its  genesis.  Though 
he  did  not  specifically  retract  his  earlier  statement,  the  presumption  is 
that,  in  the  light  of  the  discovery  that  the  original  rock  was  entirely 
different  from  what  he  had  supposed,  he  abandoned  his  interpretation  of 
its  origin.  In  the  meantime,  L.  L.  Fermor,^°  on  the  basis  of  Derby's  first 
paper,  drew  an  analogy  between  this  rock  and  his  kodurite  as  regards 
their  genesis,  though  calling  attention  to  their  dissimilarity  in  composi- 
tion. A  persistence  of  this  same  view  is  manifested  in  the  statement  by 
Harder  and  Chamberlin^^  in  their  discussion  of  these  ores  that  ^^manga- 
nese ores  associated  with  igneous  rocks,  such  as  those  described  above, 
occur  abundantly  in  India — "  and  the  statement  by  Harder**  that  "The 
relation  of  the  manganese  rock  to  the  enclosing  crystalline  rocks  has  not 
been  definitely  determined;  it  may  be  interlayered  with  the  gneiss  or 
crystalline  schist,  or  perhaps  intrusive  into  them."  The  chemical  and 
mineralogic  composition  of  this  rock  as  now  established  at  both  Piquery 
and  Morro  da  Mina  effectually  precludes  an  igneous  origin  for  it  and 
demonstrates  the  presence  of  an  original  carbonate  rock. 

Even  before  Derby's  second  paper  appeared,  a  view  at  variance  with  it 


"  Op.  ciL,  pp.  273-274. 
11  hoc.  ciLf  p.  405. 
"  Loc,  ciUf  p.  790. 
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was  expressed  by  his  associate  E.  Hussak.  ^'  He  regarded  the  spessartite 
rock  described  by  Derby  together  with  a  banded  spessartite-rhodonite 
rock,  which  he  mentions  as  occurring  on  the  periphery  of  the  Piquery 
orebody,  the  products  of  contact  metamorphism  by  the  eruptive  gneiss 
of  impure  manganese  carbonate  sediments.  The  postulation  of  the  deri- 
vation of  the  silicates  from  manganese  carbonate  in  advance  of  the  dis- 
covery of  the  presence  of  large  amotmts  of  carbonate  is  interesting. 
Beyschlag,  Krusch  and  Vogt^^  are  inclined  to  carry  Hussak's  ideas  a  step 
further  and  suggest  that  the  manganese  may  have  been  contributed  as 
part  of  the  process  of  contact  metamorphism.  That  this  was  not  the  case 
is  proved  by  the  fact  that  the  carbonate  still  present,  constituting  a  large 
percentage  of  the  rock,  is  the  manganese  carbonate;  and  that  consequently 
the  original  carbonate  was  a  manganese  carbonate.  There  remains  to 
decide  between  the  view  of  Hussak  that  the  rock  is  the  result  of  contact 
metamorphism  of  sedimentary  beds  of  impure  manganese  carbonate  and 
our  own  that  it  is  a  product  of  dynamo-metamorphism  of  such  beds. 
In  the  first  place,  the  country  rock  of  the  ore  deposits  is  not  every- 
where gneiss,  but  is  in  some  cases  schist,  and  these  schists  are  admitted 
to  be  metamorphosed  sediments.  Nor  are  all  of  the  gneisses  necessarily 
igneous,  though  it  has  been  generally  held  that  they  are  such  for  the  most 
part.  Consequently  the  presumption  is  against  assuming  an  igneous 
contact  for  all  of  the  deposits.  In  the  second  place,  the  texture  and 
appearance  of  the  silicates  is  not  that  of  typical  skarn  minerals,  or  prod- 
ucts of  contact  metamorphism;  but  it  is  that  of  siUcates  crystallized  in 
a  carbonate  rock  that  has  been  subjected  to  regional  metamorphism. 
The  reply  might  be  made  that  the  whole  region  has  been  subjected  to 
dynamo-metamorphism  subsequent  to  the  contact  metamorphism,  but  it 
is  equally  true  that  the  texture  of  the  rock  is  not  what  one  would  expect  to 
result  from  a  skarn  rock  subjected  to  regional  metamorphism.  On  the 
other  hand,  we  cannot  escape  the  conclusion,  demanded  by  both  hypothe- 
ses, that  there  first  existed  impure  manganese  carbonate,  and  it  is  obvious 
that  the  rocks  have  undergone  regional  metamorphism.  The  inevitable 
result  would  be  a  rock  such  as  we  have.  Our  explanation  is,  therefore, 
in  harmony  with  the  available  evidence  and  makes  the  manganese  rock 
of  the  Lafayette  district  genetically  identical  with  the  gondite  of  India, 
the  mineralogic  diflFerence  of  the  two  rocks  being  due  to  their  initial  dif- 
ference in  chemical  composition. 

^*  Eugen  Hussak:  Ueber  Atopit  aus  den  Manganerzgniben  von  Miguel  Bumier, 
Minas  Geraes,  Brasilien.  CerUraMati  fur  Mineralogies  Geologie  und  Paldonlologie,  I905» 
pp.  240-245. 

Eugen  Hussak:  "tJber  die  Manganerzlager  Brasiliens.  ZeUschriJl  fur  'praktiickB 
Geologie,  vol.  14,  pp.  237-239  (1906). 

i«  Beyschlag,  Krusch,  Vogt:  Die  Lager MUen  der  nvJlzbaren  Mineralien  und 
GesUine,  vol.  2,  p.  596  (1913). 
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Recent  Geologic  Developments  on  the  Mesabi  Iron  Range,  Minnesota 

BY  J.    P.    WOLFF,   E.   M.*,  DULUTH,  MINN. 
(New  York  Meeting,  February,  1917) 

During  the  past  4  or  5  years,  much  has  been  added  to  the  detailed 
geologic  knowledge  of  the  Mesabi  Range.  This  has  not  been  in  the  direc- 
tion of  discovery  of  any  new  fundamental  facts,  but  of  detailed  study, 
subdivision  and  correlation  of  different  parts  of  the  whole  formation  and 
of  individual  orebodies.  Prior  to  this  time,  mining  engineers  in  the  dis- 
trict were  so  engaged  with  the  commercial  interests  of  exploring  and 
developing  orebodies  that  close  geologic  study  and  subdivision  was  done 
in  only  a  few  instances.  The  demand  for  refinements  of  work  in  this 
direction  has  caused  extensive  structural  subdivision  and  correlation  to 
be  done  in  all  exploration  work  during  the  past  4  years  by  the  engineers 
of  the  Oliver  Iron  Mining  Co.  Such  work  has  become  a  commercial 
necessity  rather  than  a  scientific  refinement,  and  at  the  present  time  is 
being  extended  to  all  parts  of  the  Range. 

In  the  summer  of  1914,  the  author  of  this  paper  wrote  a  series  of 
articles  on  the  orebodies  and  special  features  of  the  Mesabi  Range,  which 
was  published  in  the  Engineering  and  Mining  Journal^  issues  of  July  17  to 
Aug.  7, 1915.  Since  that  time  studies  of  subdivision  of  the  iron-formation 
have  been  extended  considerably.  The  principle  feature  of  this  paper 
is  the  presentation  of  the  subdivisions  of  the  iron-formation.  To  this  is 
added  a  discussion  of  the  relations  of  the  orebodies  to  the  gentle  folding 
and  fracturing  of  the  formation,  and  special  features  of  the  Range. 

The  outline  will  be  as  follows: 
I.  General  geology. 
II.  Subdivision  of  Biwabik  iron-formation. 

III.  Relation  of  orebodies  to  folding  and  fractimng  of  the  iron- 
formation. 

IV.  Special  features. 

Acknowledgment  is  due  to  W.  J.  Olcott,  President,  and  John  Uno 
Sebenius,  General  Mining  Engineer,  of  the  OUver  Iron  Mining  Co.,  for 
permission  to  use  the  information  presented  in  this  paper.    ' 

*  Mining  Engineer,  Oliver  Iron  Mining  Co.,  Duluth,  Minn. 
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General  Geoloqt 


Correlation 


i 


Although  the  general  geology  of  the  Mesabi  g 

Range  haa  been  described  most  exhaustively  in  0 

U.  S.  Geological  Survey  Monographs  Nob.  43  and  52,  | 

and  elsewhere,  a  short  synopsis  may  be  a  necessary  I 

preliminary  to  the  detailed  discussion  of  the  Range  1 

presented  in  this  paper,  because  many  of  the  readers  p 

of  this  article  may  be  unfamiliar  with  the  above  ^ 

publications  or  the  general  geology  of  the  Mesabi  g 

district.  3 

The  topographic  feature  of  the  Meaabi  Range  is  i 

a  line  of  fairly  prominent  and  continuous  hills  rang-  ^ 

ing  in  elevation  from  1,400  to  1,900  ft.  above  sea  g 

level,  composed  of  a  complex  of  granitea,  green-  "* 

stones,  green  schists,  slates,  graywacke  and  con-  o 

glomerate.    Resting  unconformably  upon  this  g 

basement  complex,  and  sloping  away  at  a  gentle  § 
angle  to  the  southeast,  is  a  aeries  of  sedimentary 
rocks,  the  middle  member  of  which  is  iron-bearing. 

The  outcrop  of  thia  iron-bearing  member  is  the  g 

geologic  feature  known  as  the  Mesabi  (or  Missabe)  g 

Iron  Range.    Within  this  formation  the  iron  ore-  S 

bodies  are  found.     Its  outcrop  has  been   traced  | 

by  explorations  from  Sec.   12,  T.   142  N.,   R.   25  g 

W.,  northeastward  to  Birch  Lake,  in  Sec.  26,  T.  61  g 

N.,  R.  12  W.,  a  distance  along  the  atrike  of  about  S 

112  miles.     Its  width  varies  from  ^  to  3  miles,  M 

due  to  variation    in  the  dip  and  thickness.     The  a 

sedimentary  series  above  mentioned  consists  of  a  S 

basal  quartzite,  named  Pokegama,  an  intermediate  2 

iron-formation,  named   Biwabik,  and  a  top  black  I 

slate,  named  Virginia  slate.  3 

The  location  and  general  extent  of  the  Range  <. 
is  shown  on  the  Map,  Fig.  1.    The  general  rela- 
tions of  the  iron-bearing  member  to   associated  £ 
rocks  are  ahown  by  the  cross-section,  Fig,  2,  better 
than  further  description  could  explain. 

Instead  of   the  complete    correlation   table  as 
given  by  the  TJ.  S.  Geological  Survey,  a  simplified 
geologic  column  is  herewith  given,  which  is  adequate  for  the  engineer  in 
the  district. 


Unconformity 

Upper  Huronian  Series. 
(Sedimentary) 
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Quaternary  System 

Heistocene  Series Glacial  drift,  0  to  300  ft. 

Unconformity. 

Cretaceous  System Conglomerates  and  shales,  0  to  50  ft. 

Unconformity 

Algonkian  System f  Duluth  Gabbro         f  ^^^  ^^^  ^^  ramre. 

Keweenawan  Series \  Embarrass  Granite  \  range- 

Virginia  slate  0  ft.  to  great  thickness.  Biwabik 
Iron-formation,  475  to  775  ft.  Pokegama  Quart- 
zite,  50  to  150  ft. 

Unconformity  [  Basement    complex    of     Slate-graywacke-oon- 

Algonkian  and  Archean  Series "I    glomerate   series,  granites,  greenstones,  green- 

[    schists  and  porphyries. 

From  a  commercial  standpoint  the  Upper  Huronian  series,  Virginia 
Slate,  Biwabik  Iron-formation,  Pokegama  Quartzite  are  the  important 
rocks  of  the  district. 

The  characteristics  of  the  different  formations  need  not  be  discussed. 
This  will  be  done  for  the  iron-formation  later  on. 

Orebodies 

The  Upper  Huronian  Quartzite-Iron-formation-Slate  series  is  an 
ordinary  (except  for  the  iron)  series  of  clastic  sediments,  deposited  in 
fairly  shallow  water,  contemporaneous  with  the  middle  member  of  which 
was  deposited  or  precipitated  out  of  solution  an  enormous  quantity  of 
iron,  chiefly  in  the  form  of  a  ferrous  silicate,  FeSiOc,  occurring  as  coarse 
and  minute  green  granules  of  the  mineral  greenalite,  embedded  in  a 
matrix  of  chert.  Iron  carbonate,  grunerite,  amphibole,  actinolite,  and 
hematite  occur  in  small  quantities.  Original  magnetite  in  bands  and 
finely  disseminated  grains  occurs  in  much  larger  quantity  than  has  been 
recognized  heretofore,  in  all  parts  of  the  district.  The  bedding-planes  of 
all  three  members  are  approximately  parallel.  Interbedded  with  the 
iron-formation  in  certain  horizons  are  numerous  slate  layers,  varying  in 
thickness  from  a  few  inches  to  many  feet.  The  iron-formation  from 
Virginia  slate  to  quartzite  varies  in  thickness  from  475  to  775  ft.,  the  aver- 
age being  about  600  ft. 

After  this  series  of  sediments  had  been  laid  down,  earth  movements 
raised  them  above  water  level,  allowing  erosive  agencies  to  cut  through 
the  overlying  slate  into  the  underlying  formations.  These  earth  move- 
ments warped  the  formations  and  cracked  the  brittle  iron-formation 
quite  extensively,  allowing  surface  waters  to  enter  its  upturned  edges. 
Especially  where  such  cracking  was  pronounced,  the  ground-waters 
entering  the  iron-formation,  carrying  carbon  dioxide  in  solution,  attacked 
the  ferrous  iron  compounds  and  oxidized  them.  In  such  localities  much 
of  the  ferrous  silicate  has  been  changed  to  a  hematite-chert  rock,  the 
hematite  occurring  as  bands  and  as  disseminated  particles  in  the  chert, 
the  rock  still  retaining  its  solidity.    The  whole  iron-formation,  whether 
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thus  altered  or  not,  is  a  ferruginous  chert  with  iaterbedded  slate  layers 
and  locally  is  called  "taconite."  This  term  should  apply  strictly  to  the 
ferruginous  chert  and  not  to  the  slate  layers,  though  in  some  horisons 
the  slate  bands  and  chert  layers  are  so  intimately  interbedded  as  to  make 
a  distinction  quite  impossible. 

Where  the  cracking  has  been  most  intense  the  circulation  of  ground- 
water has  been  most  vigorous,  the  solvents  in  the  ground-waters  have 
leached  out  the  silica  and  other  minor  constituents  of  the  rocks  and  have 
oxidized  and  left  in  place  the  iron.  Such  residual  material  now  consti- 
tutes the  orebodies.  They  are  surrounded  on  all  sides  by  the  rock  walls 
of  the  iron-formation  from  which  they  are  derived.  Pore-space  was 
developed  by  this  removal  of  silica  and  the  settling  or  slumping  in  place 
of  the  layers  of  the  orebodies  is  a  characteristic  feature.  The  typical 
orebody  thus  developed  has  a  trough  structure  and  an  irregular  trough 
shape.  Orebodies  vary  in  size  from  a  few  acres  to  several  hundred  acres, 
and  from  a  few  feet  to  several  hundred  feet  in  thickness.     In  many 
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places  small  troughs  unite  to  form  a  large  one.  Fig.  3  shows  the  shape 
and  area  of  a  typical  orebody.  While  the  trough  orebody  is  the  typical 
one,  there  are  two  other  types,  namely,  the  flat-layered  body  and  the  fis- 
sure-type orebody.  The  former  is  either  the  remnant  left  by  the  erosion 
of  a  former  trough-body  or  it  is  an  ore  layer  continuing  down  the  dip  from 
a  trough-body.  Usually  such  a  layer  has  a  rock  (slate)  capping.  The 
fisaure-type  orebody  is  an  incompletely  developed  trough-body  and  is 
usually  associated  with  a  larger  trough  orebody.  Fig.  4  shows  the 
development  of  a  trough  orebody  on  the  axis  of  an  antichne,  where  crack- 
ing has  been  pronounced.  All  four  stages  here  shown  can  be  observed 
in  the  field.  Notice  the  slumping  of  ore  layers  near  the  rock  walls.  The 
features  of  the  three  different  types  of  orebodies  were  discussed  at  length 
in  the  Engineering  and  Mining  Journal,  July  17  to  Aug.  7,  1915,  and  will 
not  be  repeated  here. 
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Covering  the  entire  iron-formation,  except  at  a 
few  isolated  spots,  is  a  mantle  of  glacial  drift, 
varying  in  thickness  from  a  few  feet  to  300  ft. 

Subdivisions  op  the  Iron-Formation 
Detailed  Subdivision 

The  item  of  principal  interest  and  most  practical 
value  to  mining  men  in  the  Mesabi  district,  pre- 
sented in  this  paper,  is  the  subdivision  of  the  iron- 
formation  into  its  several  horizons.  As  indicated 
above,  the  engineers  of  the  Oliver  Iron  Mining  Co. 
have  found  it  absolutely  essential  to  do  this  kind 
of  work  in  the  exploration  and  development  of  their 
orebodies.  Undoubtedly  others  will  meet  with  the 
same  experience.  The  determination  of  the  struc- 
ture of  an  orebody  depends  upon  the  proper  sub- 
division and  correlation  of  the  different  ore  and 
rock  layers  in  the  drill  records. 

Such  correlation,  not  only  in  one  area  but  over 
the  length  of  the  Range,  has  shown  that  the  forma- 
tion can  be  subdivided  into  four  principal  horizons, 
each  of  which  has  remarkably  uniform  character- 
istics from  one  end  of  the  Range  to  the  other. 
Each  horizon  can  be  subdivided  further.  Of 
course,  the  thickness  of  each  horizon  is  not  uniform 
because  the  thickness  of  the  whole  formation 
varies.  There  are  local  peculiarities  in  some 
places,  but  these  do  not  destroy  the  major  sub-  I 
divisions.  This  subdivision  and  correlation  has 
been  done  chiefly  by  F.  B.  Cronk,  Mining  Engi- 
neer for  the  Oliver  Iron  Mining  Co.,  and  the  writer. 

Fig.  5  shows  the  four  subdivisions  which  can  be 
made  in  any  part  of  the  Mesabi  district.  From 
the  top  down  they  are.  Upper  Slaty  Horizon, 
Upper  Cherty  Horizon,  Lower  Slaty  Horizon  and 
Lower  Cherty  Horizon.  They,  are  named  from  the 
predominant  physical  characteristic  of  the  rock  in 
them.  Commercially  the  two  cherty  horizons  and 
Lower  Slaty  Horizon  are  most  important,  as  the 
principal  orebodies  occur  in  them.  The  two  cherty 
horizons  contain  very  few  slate  seams,  but  the 
slaty  horizons  contain  a  considerable  number  of 
interbedded  chert  layers  and  a  great  amount  of  greenalite.    The  lower 
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half  of  the  Lower  Slaty  Horizon  contains  the  most  slate,  the  bottom  30 
ft.  or  so  being  almost  pure  slate.  But  the  upper  half  is  slaty  or  banded 
in  structure  rather  than  in  composition  of  the  rock  layers.  The  subdivi- 
sions are  made  by  eye  rather  than  on  any  chemical  basis  or  microscopic 
examination. 

The  Upper  Slaty  Horizon  is  composed  about  half  and  half  of  slate 
layers  and  greenalite  lenses.  The  upper  part  approaching  the  Virginia 
slate  is  the  more  slaty.  It  is  separated  from  the  Virginia  slate  by  a 
layer  10  or  more  feet  thick  of  a  carbonate  rock,  probably  an  impure 
limestone. 

Two  cross-sections,  Figs.  6  and  7,  are  presented  to  show  in  detail  the 
four  main  subdivisions,  the  minor  subdivisions  of  each,  the  relations  of 
the  orebodies  to  these  horizons  and  the  kind  of  ore  derived  from  each. 

Fig.  6  shows  an  east-west  cross-section,  looking  north,  through  the 
Adams,  Hull,  Nelson,  Leonidas  orebodies  just  west  of  Eveleth.  It  is 
the  best  cross-section  that  has  been  or  can  be  made  from  present  explora- 
tions, so  far  as  the  author  knows.  The  location  of  the  section  is  shown  on 
the  accompanying  map.  Fig.  11,  and  i&  approximately  at  right  angles 
to  the  strike.  It  is  developed  from  drill-hole  classifications,  as  can  be 
seen,  but  practically  the  entire  section  of  ore  is  being  developed  now  by 
open-pit  and  underground  workings.  Because  this  cross-section  is 
taken  along  the  longitudinal  axis  of  the  ore  trough,  the  trough  structure 
does  not  show.  In  the  area  of  drill  holes  6  to  8  inclusive,  a  north-south 
trough  is  tributary  to  the  east-west  trough  through  which  this  cross-sec- 
tion is  taken,  and  the  trough  structiu-e  is  apparent.  The  gentle  warping 
of  the  entire  series  can  be  noted.  The  principal  warping  is  at  right  angles 
to  the  strike,  however. 

The  relations  between  the  diflFerent  horizons  and  their  derivative 
ores  are  so  evident  from  the  cross-section  that  a  detailed  description  need 
not  be  given.  In  the  area  of  drill  holes  2  to  15  inclusive,  the  taconite  in 
the  Lower  Slaty  and  Upper  Cherty  Horizons  is  so  badly  altered  that 
classification  is  very  difficult. 

A  few  features  may  call  for  comment.  The  black  slate  indicated  at 
the  base  of  the  Lower  Slaty  Horizon  is  the  so-called  "Intermediate" 
Slate,  which  makes  the  characteristic  paint  rock  layer  of  the  typical 
Mesabi  orebody.  The  orebodies  first  developed  on  the  Range  were 
located  in  that  part  of  the  formation  shown  between  drill  holes  15  and  24; 
therefore,  it  is  easily  seen  that  the  typical  orebody  had  five  layers — ^upper 
and  lower  blue  ore  layers,  upper  and  lower  yellow  ore  layers,  and  an  inter- 
mediate paint  rock  layer. 

Interbedded  in  the  Upper  Cherty  Horizon  and  the  top  of  the  Lower 
Slaty  Horizon  are  distinct  conglomerates.  At  the  base  of  the  Upper 
Slaty  Horizon  there  is  also  a  fine  interbedded  conglomerate.  The  Upper 
Cherty  conglomerate  is  continuous  from  the  far  eastern  part  of  the  Range 
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to  the  western  part.  It  was  recognized  in  drill  cores  only  a  few  years  ago 
by  W.  H.  Crago,  head  of  the  exploration  division  of  the  Mining  Engineer- 
ing Department  of  the  Oliver  Iron  Mining  Co.  All  of  the  earlier  drill 
cores  have  not  been  reexamined  for  it  as  yet,  but  it  has  been  correlated 
extensively  in  diflferent  parts  of  the  Range  by  F.  B.  Cronk  and  the  writer. 
The  crossHsection  in  Fig.  6  shows  a  maximum  development  of  interbedded 
conglomerate.  It  is  not  as  thick  either  on  the  western  or  eastern  end  of 
the  range.  On  the  eastern  part  it  is  distinctly  developed  in  both  Upper 
Cherty  and  upper  part  of  Lower  Slaty  Horizons,  but  in  the  west  central 
part  of  the  Range  only  the  Upper  Cherty  conglomerate  has  been  recog- 
nized, and  it  is  quite  thin.  This  section  (Fig.  6)  shows  practically  a  maxi- 
mum thickness  of  iron-formation.  The  Lower  Slaty  Horizon  is  abnor- 
mally thick  (260  ft.)  whereas  the  average  thickness  is  only  about  150  ft. 
In  the  central  and  western  part  of  the  Range,  the  Upper  Cherty  Horizon 
is  exceptionally  thick,  the  slaty  layers  of  the  upper  part  of  the  Lower 
Slaty  Horizon  being  replaced  by  cherty  and  banded  taconite.  Evidently, 
more  muds  were  deposited  with  the  iron-formation  in  the  east  central 
part  of  the  district  than  in  the  central  and  western  parts  of  the  district. 
Perhaps  the  imderl3dng  rocks  outcropping  to  the  north  are  accountable 
for  this.  From  Mt.  Iron  east  to  Aurora,  large  areas  of  greenstones  and 
slates  lie  to  the  north  of  the  iron-formation.  If  the  original  shore  line 
of  the  sea  in  which  the  iron-formation  was  laid  down  occupied  approxi- 
mately its  present  position,  the  weathering  and  erosion  of  these  rocks 
contributed  muds  and  argillaceous  sediments  to  the  sea  water  contempo- 
raneous with  the  deposition  of  iron. 

Fig.  7  shows  a  crossnsection  across  a  typical  trough  orebody  in  the 
Virginia  district.  The  Upper  Cherty  and  Slaty  Horizons  have  been 
eroded  from  the  sides  of  the  rockwalls  of  the  orebody,  but  all  horizons 
from  the  Virginia  slate  down  are  represented  in  the  orebody.  The  typical 
trough  structure  is  well  shown. 

Records  and  Subdivisions  of  Drill  Holes  in  Different  Districts 

Fig.  8  shows  records  and  subdivisions  of  drill  holes  in  the  Nashwauk, 
Hibbing,  Virginia,  McKinley  and  Aurora  districts,  comprising  the  terri- 
tory from  the  west  central  to  the  eastern  part  of  the  range.  These  records 
all  show  the  same  major  divisions,  though  varying  in  the  minor  subdivi- 
sions and  dimensions.  The  interbedded  conglomerate  in  the  Upper 
Cherty  Horizon  is  persistent  in  all  the  districts. 

Ores  Derived  from  the  Different  Horizons 

The  characteristic  ore  derived  from  the  Lower  Cherty  Horizon  is  a 
coarse  "blue"  high-grade  ore.     It  contains  practically  no  paint  rock 
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seamfl.    About  30  or  40  ft.  of  the  top  of  this  horizon  is  a  brown  or  yellow 
mottled  eherty  taeonite  (originally  a  greenalite  rock)  containing  some 
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slate  seams  in  its  upper  measures,  and  this  layer  makes  a  yellow  ocherous 
ore  of  medium  grade.     At  the  base  of  the  Lower  Cherty  Horizon  just 
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above  the  basal  conglomerate  is  a  layer  of  fine  slaty  taconite  (see  Fig.  5) 
which  makes  a  yellow  ocherous  ore.  With  the  exception  of  these  top 
and  bottom  layers,  the  Lower  Cherty  Horizon  makes  a  "blue"  high- 
grade  ore.  As  used  here,  high-grade  ore  means  ore  averaging  above 
59  per  cent,  dry  iron,  medium-grade  averaging  66  to  56  per  cent,  dry  iron, 
and  low-grade  averaging  about  50  per  cent,  dry  iron. 

The  characteristic  physical  feature  of  ores  from  the  Lower  Slaty 
Horizon  is  their  finely  banded  and  slaty  texture.  As  previously  indicated, 
the  black  slate  at  the  base  makes  the  paint  rock  layer  so  prominent  in 
every  typical  orebody.  This  material  is  not  a  commercial  ore.  It  is 
highly  aluminous  and  contains  20  per  cent,  or  more  of  moisture.  The 
gray  slate  and  greenalite  and  slate  above  this  black  slate  (Fig.  7)  make 
a  medium-grade  yellow  and  brown  ore,  the  yellow  ore  being  quite 
aluminous.  The  banded-cherty  and  banded-slaty  taconite  of  the  top 
of  the  Lower  Slaty  Horizon  make  a  very  fine-grained  blue  and  brown 
ore  of  high  grade.  It  was  this  kind  of  ore  which  was  so  objectionable  to 
furnace  men  because  of  excessive  fines,  in  the  early  days  of  the  Mesabi 
Range  exploitation. 

The  Upper  Cherty  Horizon  makes  a  high-grade  coarse  blue  ore,  in  all 
of  the  large  well-concentrated  bodies.  It  is  indistinguishable  in  texture 
from  the  blue  ore  of  the  Lower  Cherty  Horizon. 

In  some  orebodies  toward  the  south  side  of  the  formation,  such  as  the 
Morton  Mine  in  the  Hibbing  district,  the  Duncan  in  the  Chisholm  district, 
the  Leonidas  in  the  Eveleth  district  and  the  Schley  and  Hobart  in  the 
Gilbert  district,  the  ore  in  this  horizon  is  somewhat  sandy  and  cherty, 
due  in  part  to  incomplete  concentration  and  in  part  to  secondary  silica 
deposited  by  ground  waters. 

The  Upper  Slaty  Horizon  generally  makes  a  low-grade  non-merchant- 
able ore.  The  one  known  exception  to  this  is  shown  in  Fig.  7,  in  which 
orebody  most  of  this  ore  probably  will  be  merchantable.  This  orebody, 
however,  is  one  of  the  most  highly  concentrated  on  the  Range.  In  most 
orebodies  which  have  this  Upper  Slaty  member,  the  material  from  it  is 
a  soft  plastic  paint  rock  with  decomposed  chert  and  greenalite  layers. 
It  resembles  very  much  the  so-called  "Intermediate"  paint  rock  layer. 

From  the  cross-section.  Fig.  6,  it  is  evident  that  all  orebodies  will  not 
contain  all  of  these  horizons  or  layers.  The  unit  of  land  subdivision  is  a 
40-acre  tract  and  many  mines  occupy  one  or  a  part  of  one  such  tract. 
If  a  mine  is  located  near  the  quartzite  outcrop,  most  of  the  upper  horizons 
will  be  eroded  away,  and  as  the  mine  location  approaches  the  Virginia 
slate  outcrop  more  of  the  upper  layers  will  be  foimd  in  the  orebody. 

Relation  of  Orebodies  to  Folding  and  Fracturing  of  the  Iron- 
Formation 

In  the  Engineering  and  Mining  Journal  articles  above  referred  to, 
the  author  stated  that  the  data  then  at  hand  indicated  that  the  orebodies 
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have  formed  in  places  where  gentle  folding  and  warping  of  the  iron-forma- 
tion had  fractured  it  considerably,  allowing  easy  access  and  circulation 
of  groimd-waters.  Evidence  along  this  Une  has  been  assembled  since 
the  publication  of  those  articles  and  in  every  case  where  the  exploration 
data  is  complete  enough  it  has  been  found  that  the  orebodies  occur  where 
the  whole  formation  has  been  warped.  In  the  eastern  part  of  the  district 
(Virginia  and  eastward)  the  orebodies  are  on  the  crests  of  gentle  anticlines. 
Fig.  9  shows  a  cross-section  parallel  to  the  strike  of  the  formation  in 
T.  58  N.,  R.  16  W.,  location  of  which  is  shown  on  the  map  in  Fig.  11. 
This  section  is  taken  well  to  the  south  side  of  the  formation  and  only  one 
orebody  reaches  it.  But  the  locations  of  other  orebodies  northwest  of 
it  are  shown  on  the  cross-section,  and  in  each  case  where  the  exploration 
data  is  complete  enough  to  show  it,  the  orebody  is  located  on  the  axis  of 
an  anticlinal  flexure  or  combined  anticline  and  syncline. 

In  the  certtral  part  of  the  Range,  great  broad  flexures  rather  than 
merely  localized  ones  seem  to  have  determined  the  locations  of  the  ore- 
bodies.  The  formation  was  very  generally  cracked  up  and  the  broad 
structiu'al  basins  directed  the  flow  of  imderground  waters.  Fig.  10 
shows  a  structural  cross-section  taken  midway  between  Virginia  slate  and 
quartzite  outcrops  approximately  parallel  to  the  strike,  through  the 
Hibbing-Chisholm  districts.  A  part  of  the  quartzite  outcrop  to  the 
northwest  is  also  shown.  Three  prominent  anticlines.  A,  B  and  C,  with 
two  intervening  synclines,  are  shown.  The  cross-section  is  taken  about 
a  mile  south  of  the  quartzite  outcrop.  It  has  been  published  previously 
in  the  Engineering  and  Mining  Journal,  Aug.  7, 1915.  It  shows  that  the 
orebodies  occur  quite  continuously  over  both  crests  of  anticlines  and 
troughs  of  synclines,  indicating  a  very  general  fracturing  of  the  forma- 
tion, vigorous  circulation  of  ground-water  and  consequent  complete 
alteration  and  concentration  of  iron-formation.  These  major  flexures 
can  be  determined  only  by  such  correlation  and  drawings  as  are  shown  in 
the  two  cross-sections.  Figs.  9  and  10,  but  the  minor  flexures  within  the 
larger  ones  often  can  be  observed  in  the  field. 

Special  Features 

Special  features  of  the  Mesabi  Range  may  be  of  interest  and  deserving 
of  inclusion  in  this  paper. 

Faults 

The  two  principal  faults  known  to  date  on  the  Mesabi  Range  are 
those  known  as  the  Biwabik  and  Alpena  faults,  both  of  which  were 
described  in  the  Engineering  and  Mining  Journal,  July  24,  1915.  Men- 
tion is  made  of  them  here  only  because  they  have  been  followed  further 
since  that  time.    Fig.  11  shows  the  location  of  both.    The  Biwabik 
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fault  has  been  traced  to  the  NW  of  SE,  Sec.  5,  58-15,  where  it  practically 
disappears.  It  ie  a  hinge-type  gravity  fault,  the  south  side  of  which 
haa  been  depressed.  The  greatest  throw  is  at  its  west  end  at  the  Biwabik 
Mine,  Lot  4,  Sec.  2  and  Lot  1,  Sec.  3,  Tp.  58  N.,  R.  16  W.,  where  the 
vertical  displacement  exceeds  200  ft.  The  underlying  greenstone  is 
faulted  up  against  the  ore,  though  the  faulting  probably  occurred  prior 
to  the  formation  of  the  ore.  Fig.  12  is  a  cross-section  of  the  Alpena  ore- 
body  north  of  Virginia,  showing  the  largest  fault  known  on  the  Range. 
The  location  of  the  cross-section  is  shown  on  Fig.  II.  As  indicated,  the 
strike  of  the  fault  is  approximately  north  and  south.  It  is  a  faulted 
thruat-fold,  the  probable  development  of  which  is  shown  by  Fig.  13. 


Fig.  11.— Plat  Showino  Area  or  Eabt  Central  Mesabi  Range. 

The  genesis  of  the  fault  is  directly  connected  with  the  gentle  uplift  or 
crustal  warping  which  produced  the  large  Z-shaped  bend  in  the  Range 
known  locally  as  the  Virginia  "horn."  This  was  discussed  also  in  the 
Engineering  and  Mining  Journal,  July  24,  1915.  It  is  repeated  here 
because  since  that  series,  a  fault  (shown  on  the  east  end  of  cross-section 
in  Fig.  G)  has  been  discovered  by  correlation  of  drill  holes.  The  location 
of  this  fault,  which  may  be  called  the  Dorr  fault  from  the  property  on 
which  it  is  located,  is  shown  on  the  map,  Fig.  11,  and  is  of  the  same  type 
(reverse  or  thrust)  as  the  Alpena  fault.  It  is  almost  directly  south  of 
the  Alpena.  Between  the  two  and  about  ^  mile  north  of  the  Dorr  fault 
is  a  taconite  bluff,  the  east  side  of  which  is  a  very  steep  wall,  undoubtedly 
a  faidt  scarp.     It  is  of  the  same  type  as  the  Dorr  and  Alpena  faults. 
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Although  we  have  as  yet  no  complete  exploration  data^  it  appears  that 
the  Alpena  and  Dorr  faults  and  the  intervening  escarpment  are  one 
continuous  fault  produced  by  the  crustal  movements  which  caused  the 
Virginia  "horn."  This  probable  connection  is  indicated  on  Rg.  11. 
However,  it  is  possible  that  the  Alpena  fault  is  entirely  separate  from  the 
Dorr  fault. 
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Fig.  13. — Showing  Probable  Development  op  the  Alpena  Thrust-Fault. 


Thickness  and  Dip  of  the  Iron  Formation 

The  average  thickness  and  dip  of  the  whole  iron-formation  in  different 
parts  of  the  Range  may  be  of  interest.  So  far  as  they  have  been  deter- 
mined from  the  present  very  extensive  explorations,  they  are  shown  in 
the  accompanying  table,  tabulated  by  Ranges. 

It  will  be  noted  that  west  of  the  Alpena  fault  the  dips  are  quite  low 
and  uniform,  while  east  of  it  they  are  higher  and  rather  irregular.  From 
this  evidence  and  that  of  the  Alpena-Dorr  fault,  it  appears  that  the  dis- 
turbance caused  probably  by  the  intrusion  of  the  great  mass  of  Duluth 
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Averace  Dip,    Thickness, 
Degrees         '    Feet     » 


T.  56  N.— R.  24  W 6  620 

T.  56  N.— R.  23  W 3  to    8  475  (approx.) 

T.  67  N.— R.  22  W 5  615 

T.  58  N.— R.  21  W.  \  -  -^ 

r  > 5  690 


^;} 4M     650 


T.  57  N.— R.  21  W. 
T.  58  N.— R.  20  W. 
T.  57  N  — R.  20 

T.  58  N.—R.  19  W 3  to    7        660 

T.  58  N.—R.  18  W 3        630  west  of  Alpena  fault 

rp'  -g  jg.' j^  17  w  1 ^  *^    ^  ^^^  ®*®*  °^  Alpena  fault 

T.  57  N.—R.  17  W 10  to  15 

T.  58  N.—R.  16  W 12  650 

T.  58  N.—R.  15  W 25  530  (Sees.  5  and  6) 

gabbro  between  Lake  Superior  and  the  eastern  Mesabi  range  tilted  the 
eastern  part  of  the  Range  considerably;  that  the  Alpena  fault  took  up 
most  of  the  crustal  shortening  in  the  Upper  Huronian  series  due  to  the 
compression  from  the  east;  and  that,  because  of  the  faulting,  the  sedimen- 
tary series  west  of  it  was  relatively  undisturbed. 

The  thickness  is  seen  to  be  greatest  in  the  vicinity  of  Eveleth  and 
thinnest  on  the  extreme  eastern  and  western  ends.  The  average  of  the 
figures  given  is  about  620  ft. 

Volumetric  Shrinkage  in  Solid  Taconite 

Recent  structural  study  has  shown  that  the  alteration  which  the  origi- 
nal iron  formation  has  suffered  has  produced  a  volumetric  shrinkage 
even  where  the  iron  formation  still  retains  its  solid  condition.  However, 
in  such  solid  taconite,  hard  layers  of  high-grade  iron  ore  are  interbanded 
with  chert  layers,  the  whole  mass  being  firmly  cemented  together. 
Drill  holes  in  fresh  unaltered  iron-formation  alongside  of  holes  in  altered 
but  still  solid  taconite  show  this  fact  to  exist.  Such  a  case  is  shown  in 
comparing  the  depths  of  formation  below  the  Lower  Slaty  Horizon  in 
holes  1  and  2  with  those  in  holes  4  and  5  in  the  orebody  in  Sec.  19,  Fig. 
9;  also  holes  1  and  2,  Fig.  6. 

This  fact  is  a  very  important  one  to  the  mining  engineer  in  the  district 
in  working  out  the  structure  of  orebodies.  The  knowledge  of  it  will  aid 
him  to  establish  more  accurately  the  correct  structure  of  certain  ore 
layers.  It  explains  the  apparent  lack  of  parallelism  between  different 
members  of  the  iron-formation,  which  cross-sections  often  indicate  unless 
this  fact  is  known  and  applied. 

FostnAlgonkian  Conglomerates  on  the  Upper  Huronian  Series 

In  the  Engineering  and  Mining  Journal,  July  17, 1915,  the  writer  called 
attention  to  at  least  one  conglomerate,  and  possibly  two,  on  the  top  of  the 
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Biwabik  iron-formation,  older  than  the  so-called  Cretaceous  conglomer- 
ate, beds  and  remnants  of  beds  of  which  are  found  on  most  of  the  orebodies 
west  of  Eveleth.  Since  that  time  he  has  observed  in  two  mines  a  con- 
glomerate capping  the  orebody,  containing  large  boulders  which  them- 
selves were  composed  of  the  typical  Cretaceous  conglomerate.  These 
conglomerates  were  overlain  by  layers  of  plastic  shale  and  muds. 
Undoubtedly  these  are  local  lakebed  or  stream  bed  conglomerates  and 
muds,  intermediate  in  age  between  Cretaceous  and  Pleistocene. 

Newly  Discovered  Fossil  Remains  in  the  Cretaceous  (t)  Shale 

The  conglomerate  and  shale  found  on  top  of  many  orebodies  were 
correlated  by  the  U.  S.  Geological  Survey  as  Cretaceous  from  the  fossil 
remains  of  bivalves  and  some  teeth  and  vertebra  of  the  Mosasaur  found 
in  the  shale.  During  the  past  year,  in  the  Canisteo  pit  at  Coleraine,  one 
almost  perfect  fossil  and  part  of  others  of  Ammonites  were  found.  A 
reproduction  is  shown  in  Fig.  14.  As  nearly  as  the  writer  and  associates 
can  correlate  these  specimens,  they  belong  in  the  Jurassic  and  not  in  the 
Cretaceous.  They  show  no  such  complicated  sutures  nor  such  ornamenta- 
tion as  is  characteristic  of  the  Cretaceous  Ammonites.  The  Specimen 
Ay  Fig.  14,  is  about  15  in.  in  diameter  and  3  in.  thick.  On  Specimen  B, 
which  fits  into  the  cast  C,  and  C  also,  can  be  seen  minute  veins,  but  no 
evidence  of  complex  sutures.  It  is  possible,  of  course,  that  this  Jurassic 
form  lived  over  into  the  Cretaceous,  but  the  numerous  Saur  remains  the 
writer  has  seen  could  hardly  have  belonged  to  a  reptile  as  large  as  the 
Mosasaur.  They  seem  more  fitted  to  a  smaller  creature,  perhaps  not  over 
10  ft.  long,  rather  than  to  one  30  or  40  ft.  long.  May  they  not  belong  to 
a  Jurassic  saur,  one  less  fully  developed  than  the  Cretaceous  Mosasaur? 
Is  it  not  possible,  or  even  probable,  that  the  conglomerates  and  shales  on 
the  Mesabi  Range  which  have  been  called  Cretaceous  really  are  of  Jurassic 
age  and  formerly  were  connected  with  the  extensively  developed  Jurassic 
shales  of  Northwestern  Minnesota?  Northern  Minnesota  is  such  a  well- 
developed  peneplain  that  it  is  difficult  to  imagine  a  Jurassic  ocean  cover- 
ing any  part  of  it  without  reaching  at  least  the  foothills  of  the  Giants  or 
Mesabi  Range. 

Virginia  Slate,  Iron-^Formation  Contact 

Because  of  possible  value  in  connection  with  a  revision  of  the  correla- 
tion of  the  Huronian  series  in  the  Lake  Superior  district,  the  writer  wishes 
to  append  to  this  paper  the  following  record  of  observations  of  the  rela- 
tion of  the  Virginia  slate  to  the  underlying  iron-formation,  particularly 
because  it  is  not  in  accord  with  statements  as  to  this  relation  made  in 
Monograph  52  of  the  U.  S  Geological  Survey.  The  latter  publication 
states  that  at  the  top  of  the  iron-formation  and  the  base  of  the  Virginia 
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slate,  there  is  a  horizon  perhaps  a  few  hundred  feet  thick  which  is  one 
of  gradation,  in  which  layers  of  iron-formation  and  slate  alternate,  and 
that  "the  layers  of  slate  are  found  well  down  in  the  iron-bearing  forma- 
tion, and  layers  of  the  iron-bearing  formation  are  foimd  well  up  in  the 
slate"  (page  174,  Monograph  52,  U.  S.  Geological  Survey).  ^ 

An  examination  of  cores  from  a  great  number  of  holes  which  pene- 
trated through  the  Virginia  slate  into  the  underlying  iron-formation  has 
failed  to  substantiate  this  statement.  Cores  from  two  drill  holes  which 
penetrated  between  500  and  600  ft.  of  Virginia  slate  and  the  entire  under- 
lying iron-formation  to  quartzite,  and  from  scores  of  other  holes,  failed 
to  show  the  presence  of  a  single  layer  of  greenalite  in  the  true  Virginia 
slate.  Several  thin  layers  of  a  carbonate  rock  (probably  calcium  car- 
bonate) and  a  few  crystals  of  iron  carbonate  were  observed.  In  the  iron- 
formation  proper  a  very  few  bands  of  a  carbonate  rock  were  discovered. 
As  shown  on  Fig.  5  of  this  paper,  the  upper  horizon  of  the  iron-formation 
is  a  slaty  horizon  in  which  layers  of  dark  slate  and  greenalite  alternate. 
At  the  top  of  this  horizon  and  separating  it  from  the  true  Virginia  slate 
(which  is  a  dense  dark  gray  or  black  slate),  is  a  layer  several  feet  thick 
of  calcium  carbonate,  amorphous  or  very  finely  crystallized.  This  layer 
is  mentioned  on  page  171,  Monograph  52,  U.  S,  Geological  Survey.  Wher- 
ever drill  holes  have  penetrated  through  the  Virginia  slate  all  along  the 
Range,  this  carbonate  has  been  found  immediately  beneath  it.  In  a 
few  holes,  cores  of  which  were  examined  very  carefully,  a  small  amount 
of  conglomeratic  material  was  found  in  the  upper  part  of  this  carbonate 
layer. 

Although  the  average  thickness  of  the  iron-formation  in  adjacent  areas 
is  quite  uniform,  as  shown  in  the  table  of  average  dips  and  thicknesses, 
there  are  marked  irregularities  within  short  distances.  Differences  in 
total  thickness  of  iron-formation  of  20  to  50  ft.  in  drill  holes  }i  mile  apart 
are  common.  Two  holes,  1 J^  miles  apart  show  a  difference  in  total  thick- 
ness of  121  ft. ;  two  holes  2J^  miles  apart  show  a  difference  of  184  ft.  Not 
enough  close  subdivision  and  correlation  work  has  yet  been  done  to  de- 
termine whether  such  differences  are  due  to  initial  deposition  or  erosion 
from  the  top  of  the  iron-formation.  There  is  so  much  interbedded  fine 
conglomerate  in  the  upper  horizons  of  the  iron-formation  that  we  know 
definitely  that  this  part  of  the  formation  at  least  was  deposited  in  very 
shallow  water.  It  is  not  at  all  improbable,  therefore,  that  prior  to  the 
deposition  of  the  Virginia  slate,  the  iron-formation  may  have  been  raised 
above  water,  and  its  upper  surface  somewhat  eroded.  The  variation  in 
thickness  of  the  Upper  Slaty  Horizon  gives  support  to  this  idea.  No 
marked  imconformity  between  the  two  formations  can  be  established, 
however.  They  are  conformable  stratigraphically,  as  far  as  now  known, 
but'  the  significant  fact  of  the  absolute  lack  of  any  known  greenalite 
(so  far  as  revealed  by  many  years  of  observation  of  thousands  of  feet 
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of  drill  cores  by  the  director  of  explorations  of  the  Oliver  Iron  Mining  Co.) 
in  the  Virginia  slate  and  its  marked  prevalence  immediately  beneath  the 
Virginia  slate  seems  to  call  for  such  a  pronounced  change  in  conditions 
of  deposition  as  to  demand  some  time  interval  between  the  two.  The 
universal  prevalence  of  the  calcium  carbonate  layer  with  some  con- 
glomerate between  the  two  gives  further  support  to  this  idea  of  a  time 
interval. 

These  f acts,  minor  though  they  may  be,  are  presented  here  in  the  hope 
that  they  may  be  of  some  value  to  the  geologists  who  are  engaged  in  the 
revision  of  the  correlation  of  the  Huronian  Series  of  the  Lake  Superior 
District. 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  February,  1917,  when  an  abstract  of  the  paper  will  be  read;  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary^  or  other  representative  of  its  author, 
UiJeas  special  arrangement  is  made,  the  discusaion  of  this  paper  will  close  April  1,  1917.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 
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I.  INTRODUCTION 

The  following  article  concerns  the  geological  occurrence  of  the  iron- 
ore  deposits  on  the  south  coast  of  Cuba.  The  article  is  based  on  a  de- 
tailed field  study,  made  in  the  hope  that  some  information  would  be 
gained  which  might  be  of  value  in  the  search  for  further  orebodies,  or 
in  the  economic  development  of  the  ore  already  found. 

Location 

The  iron-ore  deposits  of  the  Firmeza  district  lie  near  the  coast,  in 
the  southeastern  part  of  Cuba,  in  the  Province  of  Oriente.  The  ore- 
bodies  of  this  district  form  part  of  a  belt  of  deposits  that  extends  from 
Sigua,  25  miles  east  of  Santiago,  to  Sevilla,  5  nules  east  of  Santiago,  and 
lies  on  the  seaward  slope  of  the  Sierra  Maestra  range  of  mountains. 
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This  range  roughly  parallels  the  coast  in  the  southern  part  of  Oriente 
Province.  Its  crest  is  about  6  miles  north  of  the  mines  near  Firmeza. 
The  town  of  Firmeza  lies  9  miles  east  of  Santiago,  and  about  23^  miles 
from  the  Caribbean  Sea.  The  mines  included  in  the  Firmeza  district 
are  the  Ocania  Mine  and  a  group  of  mines  that  extends  from  West  Five 
Mine  to  the  Concordia  Mine.  The  elevation  of  the  mines  is  from  400 
to  1,000  ft.  above  sea  level.  Their  exact  location  is  shown  on  the  map 
(Fig.  1)  which  is  a  copy  of  a  map  furnished  by  the  Juragua  Iron  Co. 

Immediately  east  of  the  Firmeza  district  lies  the  Daiquiri  district  of 
the  Spanish-American  Iron  Co. 
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Scope  of  Wobk  and  Acknowledgments 

Detailed  examinations  have  been  made  by  J.  P.  Kimball,^  A.  C. 
Spencer,*  and  J.  F.  Kemp,'  and  many  others  have  contributed  to  our 
knowledge  of  the  deposits.  The  writer  has  made  use  of  all  the  available 
information  and  will  endeavor  to  give  full  credit  for  it. 

The  present  article  has  been  written  imder  the  first  award  of  the 
S.  F.  Emmons  Memorial  Fellowship,  and  the  writer  takes  this  occasion 
to  thank  the  committee  in  charge  of  the  fellowship  for  their  assistance 
and  criticism.  Thanks  are  also  due  to  the  Juragua  Iron  Co.  for  permis- 
sion to  make  the  examination,  for  the  use  of  their  maps,  and  for  their 
kindness  in  giving  access  to  all  the  available  data  and  facilities.  The 
Spanish- American  Iron  Co.  also  made  possible  the  visiting  of  neighboring 
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properties  and  most  grateful  acknowledgment  is  hereby  made  to  the 
officials  and  staff  of  both  companies. 

The  Geological  Faculty  of  Yale  University,  and  Professor  C.  P. 
Berkey  of  Columbia  University,  have  been  freely  consulted  on  different 
phases  of  the  problem,  and  their  advice  has  been  of  much  service. 

History  and  Mining 

The  Firmeza  orebodies  have  been  worked  continuously  since  1884, 
except  for  a  short  period  during  the  Spanish-American  war,  and  the 
total  production  of  the  mines,  from  1884  to  1913  inclusive,  has  been 
6,776,171  tons.*  The  mines  of  the  Firmeza  district  belong  to  the  Jiiragua 
Iron  Co.,  which  is  now  controlled  by  the  Bethlehem  Steel  Co.,  though 
it  was  at  one  time  also  allied  with  the  Pennsylvania  Steel  Co. 

The  mining  of  the  ore  and  the  stripping  of  the  overburden  is  done 
by  steam  shovel.  Where  the  orebody  is  small  or  intimately  associated 
with  waste,  it  is  found  advantageous  to  lease  the  workings  to  contractors 
and  pay  for  the  ore  on  the  basis  of  tonnage  and  grade,  delivered  in  mine  cars. 

The  ore  from  the  mines  is  j)ut  through  the  crusher  at  Firmeza,  from 
which  the  major  part  is  shipped  direct  to  La  Cruz,  the  company's  shipping 
point  on  Santiago  harbor.  A  small  part  of  the  output,  high  in  sulphur, 
is  roasted  in  the  valley  south  of  Firmeza,  near  Siboney,  before  it  is  shipped 
to  La  Cruz. 

II.  TOPOGRAPHY  AND  ITS  INTERPRETATION 

The  topography  of  the  Firmeza  district  falls  naturally  into  three 
main  divisions  which  have  a  lateral  extent  parallel  to  the  sea  coast  and 
the  main  range  of  the  Sierra  Maestra, — ^that  is,  in  an  east-west  direction. 
Beginning  at  the  coast  there  is  a  range  of  terraced  cliffs  rising  to  uniform 
height  of  about  300  ft.  The  terraces  all  face  the.  south,  to  the  sea,  and 
appear  to  be  of  wave-cut  origin,  excavated  in  flat-lying  coral  limestone. 
There  is  no  beach,  the  sea  beating  directly  against  the  limestone  cliffs, 
except  at  the  mouth  of  the  Rio  Carpintero  at  Siboney,  where  there  is  a 
small  beach  made  up  of  coral  fragments  and  an  arkosic  sand  in  which 
feldspar  predominates. 

Back  of  the  terraces  there  is  a  fairly  gentle  landward  slope  to  a  silt- 
covered,  flat,  east-west  valley.  In  this  valley  the  streams  from  the 
mountains  are  generally  lost  in  lagoons  and  swamps.  Some  of  the  larger 
ones,  such  as  the  Rio  Carpintero,  find  their  way  to  the  Caribbean  through 
comparatively  narrow  gorges  cut  in  the  cliffs  that  border  the  sea.  These 
streams  appear  to  be  of  an  intermittently  torrential  type.  In  the  dry 
season  they  show  very  small  streams  of  water  flowing  throug(h  stream 
beds  covered  with  boulders  up  to  several  tons  in  weight. 

*  D.  B.  Whitaker:  Engineering  and  Mining  Journal,  vol.  97,  p.  677  (1914). 
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North  of  this  valley  rise  the  foothills  of  the  Sierra  Maestra — sharp, 
steep  hills,  covered  as  a  rule  with  dense  forest  growth.  They  are  con- 
nected with  the  main  range  of  the  mountains  by  ridges  that  have  steep 
slopes  and  narrow  crests.  The  connecting  ridges  are  less  heavily  forested 
than  the  foothills  but  are  covered  with  high  grasses  and  an  occasional 
grove  of  trees.  The  mountains  themselves  are  thickly  covered  with 
pines  and  rise  to  an  elevation  of  about  3,500  ft. 

The  limestone  cliffs,  with  their  sea-cut  terraces,  have  been  interpreted 
as  evidence  of  periodic  movements  of  the  island,  but  it  seems  to  the  writer 
that  the  widespread  occurrence  of  a  terrace  about  both  Jamaica  and 
Cuba  at  the  same  elevation  above  sea  level  indicates  a  movement  of  the 
sea  surface,  rather  than  of  the  land. 

In  speaking  of  the  Seboruco  (the  local  name  for  the  coastal  limestone) 
R.  T.  Hill  says:*^ 

"Nowhere  have  I  seen  the  elevated  reef  rock  folded  or  otherwise  disturbed  except 

by  the  gently  sloping  coastward  inclined  elevation  it  has  undergone. The  Seboruco 

as  a  whole  represents  a  recent  and  uniform  elevation  of  the  whole  periphery  of  the 
island ." 

The  following  terrace  elevations  have' been  taken  from  the  report 
of  C.  W.  Hayes,  T.  W.  Vaughan,  and  A.  C.  Spencer,'  and  arranged  in 
tabular  form  by  the  writer: 


Havana, 
Feet 

Matansas. 
Feet 

Gibara, 
Feet 

Baracoa. 
Feet 

Mansanillo, 
Feet 

Santiago, 
Feet 

4r-5 

6-6 

5-20 

5-6 

6-20 

20 

10-15 

30 

40 

90 

100 

100 

100 

140 

100 

250 

200 

280 

200 

200 
300 

150-180 

1 

R.  T.  Hill^  in  the  report  on  Jamaica  has  given  less  definite  figures  for 
the  terrace  elevations,  and  the  following  conclusions : 


"In  general  the  old  reef  rock  of  Jamaica  consists  of  three  distinct  formations, 
occurring  at  three  levels,  70,  25,  and  10  ft.  (or  less)  respectively.  From  the  per- 
sistency of  these  three  levels  on  the  north,  east  and  southwest  end  of  the  island,  it  is 
evident  that  their  present  position  above  the  water  is  due  to  continuous  epeirogenio 
elevation  after  the  present  outlines  of  the  bland  had  been  chiefly  defined." 

For  Hayti  and  Porto  Rico  no  exact  data  are  available  to  the  writer. 


•  R.  T.  Hill:  Notes  on  the  Tertiary  and  Later  History  of  the  Island  of  Cuba. 
American  Journal  of  Science,  Ser.  3,  vol.  48,  p.  203  (1894). 

•  Op,  cU.  (in  Bibliography),  pp.  18, 19. 

^ R.  T.  Hill:  Geology  of  Jamaica.     BvUetin  of  the  Museum  of  Comparative  Zoology 
at  Harvard,  vol.  34,  pp.  92-100  (1899). 
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The  data  quoted  show  that  on  the  north,  northeast,  and  southeast 
coast  of  Cuba,  and  on  the  north,  east,  and  southwest  coast  of  Jamaica, 
there  is  a  marine  terrace  from  5  to  20  ft.  in  elevation.  It  seems  to  the 
writer  that  this  evidence  might  suggest  that,  at  least  in  part,  the  differ- 
ential movements  of  land  and  sea  in  Cuba  have  been  due  to  movement  of 
sea  level  rather  than  of  land  surface.  The  slight  variations  in  elevation 
would  then  be  explained  by  unequal  erosion  of  the  gently  sloping  surface 
of  marine  planation.  The  slight  seaward  slope  of  the  coast  limestone, 
in  the  neighborhood  of  Santiago,  is  no  greater  than  is  to  be  expected 
of  a  near  shore  surface  of  marine  planation. 

There  is  further  evidence  of  emergence  of  the  island,  in  respect  to  sea 
level,  in  the  tuff-limestone  found  at  an  elevation  of  about  1,400  ft.,  and 
the  steep-sided,  sharp,  moimtain  topography  points  to  fairly  recent 
rejuvenation. 

The  silt-covered,  east-west  valley,  in  which  the  streams  are  aggrad- 
ing, suggests  that  the  last  movement  of  land  with  respect  to  sea  level  has 
been  a  downward  one,  and  this  is  in  accord  with  the  evidence  of  the 
harbors  of  Santiago  and  Guantanamo,  which  have  been  interpreted  as 
bays  formed  by  drowning.' 

The  topography  seems  to  be  almost  entirely  independent  of  the  lith- 
ology.  An  exception  to  this  is  the  coarse  crystalline  marble  that  forms 
a  capping  to  many  of  the  foothills.  Apparently  the  massive  marble  offers 
greater  resistance  to  tropical  weathering  than  do  the  fine-grained,  dia- 
basic  or  dioritic  rocks  which  marmorized  it,  for  the  arroyos  are  cut  into 
the  latter.  The  occurrence  of  marble  as  a  capping  is  too  frequent  to  be 
entirely  fortuitous. 

III.  PETROLOGY 
Sedimentary  Rocks 

Description 

The  sedimentary  rocks  are  represented  in  the  Firmeza  district  entirely 
by  limestones.  At  the  coast,  and  rising  in  three  sea-cut  terraces  to  an 
altitude  of  about  350  ft.,  are  recent  limestones.  According  to  the  report 
of  Hayes,  Vaughan,  and  Spencer,®  this  rock  is 

"replete  with  the  remains  of  numerous  species  of  corals  which  are  all,  so  far  as 
examined,  at  present  living  in  the  surrounding  Antillean  seas." 

There  seems  to  be  one  rather  striking  point  of  difference  between  the 
higher  landward  terraces  and  the  lower  terrace  bordering  the  Caribbean. 
This  is,  that  while  all  three  terraces  contain  coral  remains,  the  landward 


•  Hayes,  Vaughan,  and  Spencer,  Op»  cit.,  p.  17. 
» Op.  cU,  pp.  23-24. 
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terraces  are  almoBt  entirely  massive,  while  the  seaward  terrace  is  made  up 
of  more  loosely  cemented  coral  remains.  On  the  land,  where  the  lime- 
stone comes  into  contact  with  the  underlying  igneous  rock,  there  are 
boulders  of  rock  and  of  iron  ore  cemented  by  the  lime,  showing  that 
erosion  of  the  orebodies  had  begun  before  these  coral  rocks  were  formed. 
In  the  foothills  of  the  Sierra  Maestra,  which  vary  in  altitude  from 
600  to  1,300  ft.,  there  occur,  usually  as  a  capping  on  the  hilltops,  bodies 
of  massive  limestone  now  largely  mannorized.  Bedding  is  almost 
entirely  lost,  but  where  thinner  masses  have  been  involved  in  the  volcanic 
rocks  it  is  possible  to  discern  a  pitch  toward  the  southeast  at  an  angle 
of  about  30°,  The  freshest  pieces  of  this  limestone,  taken  from  boulders 
on  the  north  side  of  the  hill  north  of  West  Five  Mine,  show  it  to  be  a 
blue,  dense,  fine-grained  limestone.    The  microscope  shows  no  evidence 


Fig.  2. — ^Tutv^Liubstone  from  Riimjb  CoNNGCTiNa  Foot  Eilu  with  Main 
Ramok  of  the  Sibrra  Maestra.  Limestone — groundmaBS.  PUgioclaae  frag- 
meutis — white.     Volcanic  rock  fragmenta — dark.     X  18. 

of  organic  remains  in  the  thin  section,  but  only  a  granular  aggregate  of 
calcite. 

On  one  of  the  ridges  connecting  the  foothills  with  the  main  range, 
at  an  elevation  of  about  1,400  ft.,  an  unaltered  limestone  of  unusual  type 
was  found.  This  rock  has  the  deeply  pitted  surface  typical  of  the  weath- 
ered outcrops  of  all  the  limestone  in  this  region.  The  color  of  the  rock 
on  a  fresh  fracture  surface  is  blue-gray.  Closer  examination  shows 
minute  areas  with  a  vitreoua  luster  embedded  in  a  granular  calcite 
matrix,  giving  to  the  rock  the  appearance  of  a  porphyry.  A  thin  section 
of  the  rock  shows  that  the  crystals  are  fragments  of  plagioclase,  of  about 
andesine-labradorite  composition.  There  are  also  angular  fragments  of 
a  diabaaic  rock  (Fig.  2),  The  fragments  are  all  about  0.5  mm.  in  diame- 
ter, and  their  presence  in  the  limestone  shows  that  the  sediment  was 
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formed  at  a  time  of  volcanic  activity  on  the  adjacent  land.  The  perfect 
freshness  of  the  feldspars  is  probably  due  to  the  fact  that  the  sea  water 
was  already  saturated  with  calcium  carbonate,  and  so  was  not  chemically 
active  in  so  far  as  the  calcic  feldspars  were  concerned.  The  ferromag- 
nesian  minerals  of  the  diabasic  fragments  are  entirely  altered.  This 
tuff-limestone  seems  to  be  very  similar  to  that  described  by  C.  P.  Berkey^® 
among  the  "probably"  pre-Tertiary  rocks  of  Porto  Rico. 

Age 

The  nature  of  this  rock  shows  that  at  least  part  of  the  volcanic 
activity  was  contemporaneous  with  the  sedimentation.  As  the  andesitic 
rocks  accompanying  this  tuff-limestone  are  beUeved  to  represent  the 
initial  stages  of  the  igneous  cycle,  the  determination  of  the  age  of  the 
sediment  must  also  fix  the  age  of  the  igneous  rocks. 

The  age  of  these  Umestones  and  the  associated  volcanics  has  been  a 
rather  vexed  question.  J.  F.  Kemp  speaks  of  an  article  by  H.  Wedding," 
in  which  he  places  them  in  the  Jurassic,  in  the  horizon  of  Quenstedt's 
Beta,  of  the  upper  White  Jura.  This  determination  was  made  upon 
material  furnished  by  G.  W.  Goetz.  The  only  other  definite  information 
on  this  subject  of  age  is  that  given  by  J.  T.  Singewald,  Jr.,  and  B.  L. 
Miller.  ^^  They  found  a  fossiliferous  Umestone  in  the  Daiquiri  district, 
and  submitted  some  of  the  fossils  to  T.  W.  Vaughan,  who  correlated  one 
of  the  species  with  the  Cretaceous  of  Jamaica  and  determined  the  age 
of  the  limestone  as  "Mesozoic,  probably  Cretaceous." 

W.  lindgren"  says: 

"The  idea  of  the  geologists  who  have  done  the  most  work  in  this  section  seems 
to  be  that  the  lavas  and  tuffs  and  associated  limestones  are  of  Eocene  age " 

R.  T.  Hill,^*  speaking  of  the  volcanic  elastics  of  the  Jamaican  Blue 
Mountain  Series  of  Cretaceous  age,  says: 

"In  Cuba  these  clastic  rocks  constitute  the  high  divides  of  the  Oriente ." 

Experience  during  historic  time  shows  that  it  would  not  be  justifiable 
to  infer  volcanic  activity  in  one  of  the  islands  of  the  Antilles  on  the  basis 
of  such  activity  in  another.  In  the  present  case  there  is,  however,  the 
evidence  of  Cretaceous  sedimentation  in  Jamaica  determined  by  R.  T. 
Hill,  the  direct  correlation  of  the  Daiquiri  specimen  with  the  Jamaican 

^^  C.  P.  Berkey :  Geological  Reconnaissance  of  Porto  Rico.  AnndU  of  the  New 
York  Academy  of  ScienceSf  vol.  26,  p.  20  (1915). 

"  H.  Wedding:  Die  Eisenerze  der  Insel  Cuba.  Stahl  und  Eiaen,  vol.  12,  No.  12, 
pp.  645-650  (June  16,  1892). 

"  J<  T.  Singewald,  Jr.,  and  B.  L.  Miller:  The  Genesis  and  Relations  of  the  Dai- 
quiri and  Firmeza  Iron-Ore  Deposits,  Cuba.     Trans. ^  vol.  63,  pp.  67-74  (1916). 

"  W.  lindgren  and  Clyde  P.  Ross:  The  Iron  Deposits  of  Daiquiri,  Cuba.  Trans., 
vol.  63,  p.  41  (1916). 

"  R.  T.  Hill:  The  Geology  and  Physical  Geography  of  Jamaica.  BvUetin  of  the 
Museum  of  Comparative  Zoology  at  Harvard,  vol.  34,  p.  170  (1899). 
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fauna  by  T,  W.  Vai^han,  and  R.  T.  Hill's  reference  to  the  clastic  rocks 
of  Oriente.  E.  T.  Hodge  haa  informed  the  writer  that  he  found  Comanche 
fossils  among  the  pre-Tertiary. 

Igneous  Rocks 
The  igneous  rocks  of  the  Firmcza  district  form  a  natural  aeries  of 
differentiation  products  from  a  basic  magma.     They  range  from  a  fine- 


pROM  Railroad 

grained  diabase  to  a  highly  quartzose  apUte.     J,  F.  Kemp'*  haa  given  a 
discussion  of  the  nomenclature  used  in  former  articles  on  the  district. 

"The  Geology  of  the  Iron-Ore  Deposits  In  and  Near  Daiquiri,  Cuba.     Trans., 
voL  63,  pp.  3-38  (191ft). 
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For    purposes  of  mapping,   the  writer   divides  the  igneous  aeries 
into  four  groups: 

1.  The  diabasic  rocks. 

2.  The  diorittc  group. 
_3.  The  granitic  group. 

4.  The  later  dike  rocks. 


Fio.  5. — DioRiTs  FKOM  Level  1  of  West  Five  Mine.     Cbos  ed  Nicols.     X  18. 


Fia.  6. — Quartz  Dioritb  prou  £a.st  Mine.    This  la  the  Basic  Mehbeb  of  tbi 
Granitic  Series.     Cbosbed  Nicols.     X  18. 

Diabasic  Rocks 

The  diabasic  rocks  are  fine-grained,  as  a.  rule,  and  porphyritic.  They 
are  the  representatives  of  the  original  magma.  Megascopically  they  are 
dense,  dark  rocks.  Under  the  microscope  they  show  as  felty  aggregates 
of  pl^oclase  laths  with  interstitial  ferromagnesian  minerals.    They  are 
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usually  fragmental  (Fig.  3)  and  frequently  show  epidote-filled  amygdules 
CFig.  4). 

These  diabasic  rocks  show  a  bedded  structure  in  places,  with  inter- 
calated limestones  and  are  undoubtedly  in  part  extnisives. 


Diorilic  Rocka 
The  wall  rock  of  many  of  the  orebodies  is  a  gray,  fine-grained,  and 


Fia.  8. — Speciuen  B  mou  Dike  in  West  Side  of  Webt  Five  Mine.  Eleva- 
tion 520  Ft.  Note  Corrosion  of  Plaqioclasb  and  Dounance  of  Quartz. 
CROsecD  NicoLS.     X  18. 

even-textured  rock,  Plagioelase,  varying  from  labradorite  to  bytownite, 
is  the  most  abundant  mineral,  with  much  hornblende  between"  the  feld- 
spars.   On  the  basis  of  the  feldspars  it  is  a  gabbro,  but  in  the  older 
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classification  the  hornblende  makes  of  the  rock  a  diorite.  Since  that 
terminology  has  been  adopted  by  earlier  writers  on  the  district  it  is 
accepted  here.    Fig.  5  shows  a  typical  diorite. 

The  diorites  and  diabases  are  frequently  foimd  merging  into  each 
other  without  any  visible  contact.     Both  are  the  hosts  of  the  orebodies. 


Granitic  Rocks 

J.  F.  Kemp"  has  used  the  term  granite  for  the  quartz-bearing  dio- 
rites and  the  true  granites  "to  avoid  all  confusion  of  this  rock  with  the 
diorites  which  are  associated  with  the  ore."  That  usage  is  adopts 
in  this  paper,  and  the  scope  of  the  term  granitic  rocks  is  enlarged  to 
include  the  aplites  and  quartz  porphyries.  This  inclusive  usage  seems 
justified  by  the  fact  that  the  quartz-bearing  rocks  form  a  group  later 
than  the  ore-bearing  rocks,  though  pre-mineralization. 

All  the  rocks  of  this  group  are  hornblende-bearing  except  the  most 
acid  apUtes,  and  even  the  most  acid  show  very  little  potash  feldspar. 
The  basic  members  of  the  series  are  gray,  coarse-grained,  feldspathic 
rocks  (Fig.  6)  while  the  acid  members  are  made  up  of  striking  feldspar 
quartz  intergrowths  (Fig.  7),  or  else  are  fine-grained  quartz  aplites  (Fig. 
8).  The  extremely  rapid  variation  in  chemical  composition  is  shown  by 
three  microscopic  analyses  of  rocks  from  the  same  dike  at  different 
elevations  and  ascending  order. 


Feldspar 

1 

Quarts 

Ferromag. 

Magt. 

A 

61.8 
54.0 
62.7 

28.0 
41.6 
45.2 

5.5 
3.4 
1.1 

4.7 

B 

1.0 

c 

1.1 

Later  Dike  Rocks 

The  entire  mineraUzed  area  is  cut  by  basic  dikes  that  vary  from 
basalt  to  andesite.  They  are  post  ore,  but  usually  carry  pyrite.  A 
detailed  description  would  serve  no  definite  purpose  in  this  connection. 


IV.  AREAL  GEOLOGY 

Rock  Types  Found  is  the  District 

The  study  of  the  petrographic  features  shows  that  there  are  several 
types  of  igneous  rocks  and  two  limestone  formations  in  the  Firmeza  dis- 
trict. The  igneous  rocks  form  a  continuous  series  from  diabasic  extru- 
sive and  intrusive  rocks,  through  diorite  and  granite,  to  highly  acid 


"  Op.  cU.,  p.  12. 
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aplites.  This  series  is  cut  by  dike  rocks  of  various  types,  which  range 
in  composition  from  basalt  to  andesite.  The  sedimentary  rocks  fall 
naturally  into  two  divisions; — earlier  marmorized  limestone,  probably 
Cretaceous  in  age,  and  now  exposed  only  in  scattered  outcrops,  and 
younger  recent  -coral  limestones  deposited  as  a  fringe  on  eroded  igneous 
rocks. 

Distribution  op  the  Various  Rock  Types 

Surface  DistribtUian 

The  two  appended  maps  show  the  surface  distribution  of  the  rocks 
and  orebodies.  Owing  to  the  lack  of  topographic  maps,  and  the  diffi- 
culties attending  work  in  an  area  covered  by  tropical  verdure,  they  can- 
not lay  claim  to  great  accuracy  of  detail.  Future  work  will  undoubtedly 
shift  the  contacts  in  many  places  and  add  a  number  of  dikes.  But  enough 
work  was  done,  and  enough  outcrops  plotted  to  justify  the  making  of  the 
maps  and  the  belief  that  they  show  the  general  relationship  of  the  forma- 
tions. Acknowledgment  is  made  to  Dean  Corsa,  whose  unpublished 
map  in  the  possession  of  the  Juragua  Iron  Co.  was  in  part  used. 

The  different  formations  lie,  as  shown  by  the  map,  in  belts  of  irregular 
width,  roughly  parallel  to  the  coast  Une. 

Nearest  the  sea  is  the  belt  of  coral  limestone.  This  belt  is  about 
3,000  ft.  wide  in  the  area  mapped.  To  the  west,  where  the  railroad  runs 
to  the  Ocania  Mine,  the  fringing  limestone  extends  inland  nearly  2 
miles.  Apparently  the  width  of  the  belt  is  largely  determined  by  the 
slope  of  the  pre-deposition  erosion  surface,  the  wider  belt  lying  ont  he 
more  gently  sloping  surface. 

North  of  the  coral  limestone  belt,  the  main  mass  of  granitic  rocks  is 
exposed.  This  forms  a  belt  from  6,000  to  8,000  ft.  wide.  Most  of  the 
granite  area  is  covered  by  an  alluvial  deposit,  through  which  rise  knobs 
of  the  igneous  rock.  These  knobs  are  all  granite,  usually  with  inclusions 
of  dioritic  material. 

North  of  the  granitic  area  lies  the  diorite.  This  forms  a  very  irregular 
belt  on  the  lower  part  of  the  foothills  of  the  Sierra  Maestra.  From  the 
Demajayabo  River  south  of  the  Concordia  Mine,  to  south  of  Loma  Alta, 
the  width  of  diorite  is  from  1,200  to  3,000  ft.  At  West  Five  Mine  the 
diorite  area  runs  back  into  the  hills  north  of  the  region  mapped.  In 
the  Juragua  valley  the  diorite  is  exposed  about  1  mile  north  of  Firmeza. 

The  diabasic  rocks  he  higher  in  the  hills  than  the  diorite  and  in 
general  their  exposures  on  the  surface  are  north  of  the  diorite.  No  attempt 
has  been  made  to  show  on  the  map  the  contact  between  the  extrusive  and 
intrusive  facies  of  the  diabases.  This  contact  is  exceedingly  indefinite 
and  rarely  distinguishable. 
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Bodies  of  granitic  rock,  that  differ  from  the  main  granite  majss,  cut 
through  the  diorite  and  the  diabases  in  the  region  mapped.  These  bodies 
are  apophyses  of  the  main  granite  massif  and  form  dikes,  sills,  or  irregular 
bosses.  They  lie  in  a  roughly  east-west  belt  in  the  foothills,  and  are  of 
great  importance  because  the  orebodies  are  scattered  irregularly  as  a  fringe 
to  these  apophyses.  This  can  be  seen  clearly  both  on  the  map  of  the 
district  and  on  the  larger  scale  map  of  the  mines  near  Firmeza. 

The  older  Umestones  lie  in  the  diorite  and  diabase  area,  rarely  in 
contact  with  the  granite.  They  have  been  metamorphosed  to  a  dense 
marble  in  the  area  mapped,  and  are  preserved  as  irregular  masses  capping 
the  foothills,  or  as  beds  interbedded  with  the  extrusive  rocks.  The  out- 
crops vary  in  size  from  small  blocks  to  areas  that  are  as  much  as  1,200 
ft.  in  diameter.  An  even  larger  area  at  the  Ocania  Mine  does  not  show 
on  the  map. 

All  the  formations  are  cut  by  the  later  basic  dikes.  Except  in  the 
mines  these  dikes  have  not  been  mapped.  They  fall  into  two  systems: 
one  almost  vertical,  striking  northerly,  or  slightly  east  of  north;  the  other 
an  almost  horizontal  system,  that  might  equally  well  be  classed  as  a 
system  of  sills.  Petrographically  there  is  no  difference  between  the  two 
systems. 

Vertical  Disiribuiion 

The  vertical  arrangement  of  the  different  rock  types  is  even  more 
marked  than  their  linear  distribution,  as  it  shows  on  the  surface  maps. 

The  coastal  limestones  rise  in  terraces  to  an  elevation  of  about  300 
ft.,  where  they  terminate  in  a  flat  top. 

The  granite  massif  has  an  upper  surface  which  rises  gradually  from  an 
elevation  of  about  350  ft.  at  the  eastern  end  of  the  district,  to  about  700 
ft.  at  the  Ocania  Mine.  The  granitic  apophyses,  as  now  exposed,  are 
rarely  more  than  150  ft.  above  the  top  of  the  granite  massif,  and  their 
downward  extension  where  exposed  by  erosion  can  be  seen  to  merge 
into  the  granite. 

.  The  diorite  and  the  diabasic  rocks  must  be  considered  together,  be- 
cause, while  the  lower  limit  of  the  diorite  is  determined  by  the  top  of  the 
granite  intrusion,  the  upper  limit  is,  as  a  rule,  indeterminate,  and  the 
diorite  merges  into  the  diabases.  The  two  rocks  were  mapped  separately 
in  the  field  and  a  contact  drawn,  but  it  is  generally  arbitrary.  More 
rarely  the  contact  mapped  represents  an  observed  intrusive  contact. 
As  established,  the  contact  between  diorite  and  diabase  rises  from  500 
ft.  elevation  in  the  eastern  to  800  ft.  at  the  Ocania  end  of  the  area. 
Fragmental  igneous  rocks  are  found  at  700  ft.  in  the  East  Mine,  and  at 
1,000  ft.  elevation  at  Ocania.  No  continuous  contact  between  intrusive 
and  extrusive  diabase  was  mapped. 

The  older  limestone  masses  have  not  been  found  in  this  district,  at 
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a  lower  altitude  than  400  ft.    The  highest  body  of  limestone  examined 
was  the  tuff-limestone  found  at  1,400  ft. 

The  lack  of  contour  maps  makes  it  difficult  to  draw  accurate  sections. 
But  the  elevations  can  be  tabulated  as  follows: 

West  End  of  District  East  End  of  District. 

(Oeania  Mine),  Feet  Feet 

1,000 Fragmental  igneoiis  rocks 700 

800 Diorite-diabase  contact 500 

700 Top  of  granite  massif 360 

300 Top  of  coastal  limestone 300 

This  table  shows  the  distinct  vertical  distribution  of  the  igneous 
rock  types,  and  a  well-defined  pitch  of  their  surfaces  of  contact. 

Causes  of  Present  Areal  and  Vertical  Distribution  of  the  Rock  Types 

Faulting. — The  linear  distribution  of  the  rock  types,  as  shown  on 
surface  maps,  suggests  at  once  a  direction  of  major  faulting.  But  except 
for  two  minor  faults  in  the  East  Mine,. the  one  northeast-southwest,  the 
other  northwest-southeast  in  strike,  and  a  somewhat  larger  east-west 
fault  in  West  Five  Mine,  no  displacements  worthy  the  name  of  fault 
were  found  in  the  area.  The  nearest  approach  to  a  fault  system  is  shown 
by  the  later  basic  dikes.  These,  with  the  one  vertical  north-south  trend 
and  a  horizontal  system,  appear  to  have  filled  a  definite  fissure  system, 
but  there  is  no  evidence  of  any  appreciable  movement  along  most  of 
them.  In  West  Five  Mine  an  aplitic  dike  is  offset  6  in.  on  the  opposite 
sides  of  a  2-ft.  wide  basic  dike.  If  the  dikes  do  represent  an  older  fissure 
system,  it  is  a  system  due  to  contraction  during  cooling  of  the  igneous 
rock,  rather  than  to  faulting.  The  Firmeza  district  must  be  added  to  the 
long  list  of  those  in  which  ore  deposits  are  connected  with  fissures  of 
minor  or  no  displacement. 

It  is  the  writer's  opinion  that  the  present  areal  and  vertical  distribu- 
tion is  due  to  three  different  causes — magmatic  differentiation,  tilting, 
and  erosion.  Each  of  three  must  be  considered  in  an  attempt  to  solve 
the  problem. 

Magmatic  Differentiation. — To  show  that  the  vertical  distribution  of 
the  rocks  is  due  to  magmatic  differentiation  it  will  be  necessary  to  estab- 
lish the  comagmatic  origin  of  the  igneous  rocks  and  their  age  relationship. 

The  detailed  petrographic  study  has  shown  that  there  are  present  in 
the  district  igneous  rocks  showing  all  the  stages  of  a  gradual  transition 
from  diabase  porphyry  to  highly  acid  aplites.  The  merging  of  the  types 
can  also  be  found  in  the  field. 

Northeast  of  Estancia  hill  the  transition  of  a  granite-porphyry  sill 
into  the  main  granite  and  quartz-diorite  massif  can  be  followed.  There 
is  no  contact  between  the  two  types.  The  granite  massif  itself  contains 
numerous  inclusions  of  more  basic  material.     These  inclusions  are  an- 
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gular,  8ubangu1ar,  or  rounded.     J.  F.  Kemp"  found  apparently  similar 
inclusions  in  the  Daiquiri  district  and  his  interpretation  is: 

"Apparently  the  inclusions  represent  some  older  solidified  rock." 

With  this  interpretation  the  writer  does  not  feel  in  entire  accord.    The 
inclusions  certainly  represent  early  differentiates,  either  early  crystal 


accumulations,  or  possibly  segregations  in  the  Btill  hquid  state  which 
had  an  opportunity  to  crystallize;  but  either  way  they  are  more  or  less 
reabsorbed  portions  of  the  magma  itself,  and  so  endogenous  inclusions. 
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After  initiation  of  crystallization  the  character  of  the  magma  changed 
until  it  had  power  to  reabsorb  part  of  the  already  crystallized  material. 
The  result  of  the  same  action  was  observed  on  a  small  scale  inamicrophoto- 
graph  of  a  specimen  from  the  lower  part  of  the  aplite  dike  in  West  Five 
(not  reproduced  in  this  paper).  It  shows  a  zonal  plagioclase,  calcic  in 
the  central  part,  sodic  at  the  edges,  and  much  corroded.  Obviously 
the  plagioclase  must  have  formed  before  the  liquid  was  of  such  a  composi- 
tion that  it  could  corrode  it.  Similarly  it  seems  possible  that,  in  a  slow- 
cooling  magma,  crystals  form  and  gather  in  clusters,  and  the  interstitial 
liquid,  changing  in  composition,  could  reabsorb  them  more  or  less 
completely. 

Beside  the  evidence  of  the  endogenous  inclusions,  the  transition  from 
quartz-bearing  to  quartz-free  diorite  can  be  observed  in  the  upper  levels 
of  West  Five  Mine,  and  that  from  diorite  to  diabase  in  West  Four  Mine. 
That  the  extrusive  diabases  and  intrusive  diabases  are  of  the  same  mag- 
matic  origin  can  be  seen  from  the  complete  similarity  of  the  two  rocks 
both  megascopically  and  microscopically.  The  only  difference  is  the 
greater  fineness  of  the  ground  mass  in  the  volcanics. 

Other  features  that  seem  to  point  toward  comagmatic  origin  of  the 
igneous  rocks  are  the  almost  total  absence  of  orthoclase  in  the  entire 
series,  and  the  predominance  of  hornblende  as  a  ferromagnesian  constitu- 
ent. The  latter  is  considered  an  indication  of  the  presence  of  abundant 
crystallizers  which  would  aid  in  holding  the  magma  fluid  at  comparatively 
low  temperature. 

The  age  relationship  of  the  igneous  rocks  in  a  country  lacking  in 
sediments  that  are  chronologic  guides  must  be  determined  by  intrusive 
contacts.  The  intrusive  nature  of  the  granitic  apophyses  in  the  diabases 
and  diorites  can  be  established  in  almost  any  of  the  mines.  That  the  main 
granite  massif  is  later  than  the  diorite  is  well  shown  in  La  Posa  brook 
just  north  of  its  junction  with  the  Rio  Carpintero,  where  dikes  of  massive, 
even-grained  granite  cut  the  diorite.  Diorite  cutting  diabase  is  seen  at 
the  contact  of  the  two  rocks  in  the  Juragua  valley  north  of  the  mines. 
Diabase  containing  fragments  of  the  volcanic  diabases  is  found  all  through 
the  district. 

The  order  of  formation  is,  then,  the  normal  one  from  the  basic  to  the 
acid  end  of  the  series;  i.e.: 

1.  Diabasic  extrusive. 

2.  Diabasic  intrusive. 

3.  Diorite. 

4.  Granite. 

5.  Aplite. 

The  origin  from  a  common  parent  magma  and  the  age  relationship 
established,  it  can  be  shown  how  this  would  account  for  the  observed 
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vertical  distribution  of  the  igneous  rock  types.  The  series  from  diabase 
to  granite  agrees  so  completely  with  the  serieB  described  by  N.  L.  Bowen'* 
as  the  normal  result  of  fractional  cryatallization  in  a  basaltic  magma, 
that  this  mode  of  differentiation  seems  to  be  the  probable  one  in  this 
case. 

The  diabase  extrusives  noark  the  initiation  of  igneous  activity,  and  the 
diabase  intrusive  and  the  diorite  mark  early  chilled  phases  of  a  magma 
becoming  more  and  more  acid.  The  granitic  massif  is  beheved  to  be 
the  batholythic  invasion  of  the  more  completely  differentiated  acid  liquid, 
and  the  granitic  apophyses  part  of  the  final  differentiate  from  the  granite. 
They  will  be  discussed  more  fully  with  the  genesis  of  the  ore  deposits. 


FiQ.  11. — Genesis  of  Present  Rock  Typkb. 

The  position  of  the  granite  at  a  definite  horizon  is  thought  to  be  due  to 
the  fact  that  the  cooled  shell  of  the  magma  had  developed  cooling  cracks 
to  that  depth,  and  as  a  result  the  crystallizers  were  able  to  escape  from  the 
granite,  which  could  then  no  longer  remain  liquid. 

Thus  differentiation  may  account  for  the  horizontal  arrangement  of 
the  rock  types  observed  in  the  field. 

Tilling. — However,  the  arrangement  is  not  entirely  horizontal. 
There  is  a  distinct  slant  toward  the  southeast  of  all  the  surfaces  of  con- 
tact. The  extrusives  and  the  limestones,  where  bedding  can  be  de- 
termined, all  show  a  pitch  to  the  southeast.  Just  when  the  tilting  took 
place  is  difficult  to  establish,  but  since  it  does  not  affect  the  coastal  lime- 
stone it  may  be  placed  as  previous  to  its  deposition. 

"N.  L.  Bowen:  TheLaterStf^esot  the  Evolution  of  the  Igneous  Rocks.  SuppU- 
merd  to  Jownal  of  Geology,  Vol.  23  (November-December,  1915). 
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Whether  tilting  aceompanied  or  followed  the  igneous  cycle  and  the  ore 
deposition  cannot  be  determined.  As  the  orebodies  in  the  eastern  end  of 
the  district  are  lower  than  those  at  the  western  end,  it  seems  more 
probable  that  the  tilting  took  place  later  than  the  period  of  ore  deposition. 
The  evidence  is  inconclusive  and  indefinite,  but  it  is  unimportant  as  the 
time  of  the  tilting  cannot  affect  any  of  the  major  hypotheses. 

Erosion, — Since  the  time  of  ore  deposition  erosion  has  produced  a 
surface  that  slopes  down  in  general  from  the  north  to  the  south.  In 
this  way  it  has  cut  across  the  basic  rocks  and  into  the  granitic  massif. 

Fig.  11  shows  a  diagrammatic  representation  of  the  way  the  present 
arrangement  of  the  rock  types  is  believed  to  have  been  brought  about. 
The  diagrams  are  not  to  scale,  and  are  intended  merely  as  an  aid  to 
visualizing  the  conditions. 

Diagram  1.  Shows  conditions  after  differentiation  and  before  tilting  or  erosion. 

Diagram  2.  Shows  conditions  after  tilting  and  prior  to  erosion. 

Diagram  3.  Shows  condition  after  partial  erosion  but  prior  to  deposition  of  coastal 
limestones. 

Diagram  4.  Shows  conditions  as  they  are  at  present. 

V.  GENERAL  DESCRIPTION  OF  ORE  DEPOSITS 

Nature  op  Ore 

The  ore  mined  in  the  Firmeza  district  is  a  mixture,  in  varying  pro- 
portions, of  magnetite  and  hematite.  The  ore  is  remarkably  pure  and 
contains  little  foreign  matter.  J.  P.  Kimball^*  gives  the  following 
figures: 

Per  Cent. 

Moisture  (in  part  hygroscopic) 0.24  -  0.81 

Silica  and  insoluble 5. 00  -10. 50 

Phosphorus 0.00^  0.065 

Sulphur 0.045-  0.248 

Iron 61.00  -68.60 

Although  present  mining  methods  make  it  possible  to  ship  ores  somewhat 
lower  in  iron  content,  and  greater  depth  in  mining  has  exposed  ores  some- 
what higher  in  sulphur,  the  figures  Kimball  gave  in  1884  are  substantially 
correct  for  the  ores  now  being  mined.  The  low  phosphorus  and  the 
absence  of  appreciable  amounts  of  titanium  make  the  ore  a  very  valuable 
one  for  the  manufacture  of  high-grade  steel. 

Shape  and  Size  of  Orebodies 

In  shape  the  deposits  are  extremely  irregular.  Whatever  their  siae 
they  show  one  common  feature  throughout  the  area — a  far  greater  ex- 
tension in  two  dimensions  than  in  the  third  dimension.     They  resemble  a 

^*  J.  P.  Kimball:  Geological  Relations  and  Genesis  of  the  Specular  Iron  Ores  of 
Santiago  de  Cuba.     American  Journal  of  Science,  Ser.  3,  vol.  28,  p.  426  (1884). 
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series  of  scattered  lenses  of  irregular  outline,  that  lie  in  every  conceivable 
position.  Fig.  12  shows  a  series  of  horizontal  projections  of  the  ore- 
bodies  and  a  few  vertical  sections.  The  projections  are  drawn  to  scale, 
and  the  sections  are  sketched  from  exposures  in  the  walls  of  the  mines. 
The  outlines  represent  the  boundary  of  the  ore  of  commercial  grade. 
They  do  not  represent  the  edge  of  the  mineralization.  There  is  gener- 
ally a  transition  from  ore  to  rock,  not  a  definite  contact  between  them. 
This  subject  will  be  more  fully  discussed  under  the  mineralogy  of  the  ore 
deposits. 

The  size  of  the  ore  deposits  varies  from  pockets  containing  a  few 
tons  to  lenses  whose  larger  diameters  are  measured  in  hundreds  of  feet 
and  whose  thickness  is  from  10  to  50  ft. 

Or*  -  Bo€Ci€t 
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Geologic  Position 

With  the  possible  exception  of  the  Ocania  and  Chicharron  Mines,  the 
ore  deposits  lie  within  200  ft.  of  the  granitic  apophyses.  These  excep- 
tions are  probably  more  apparent  than  real  and  may  indicate  that  the 
aplite  has  not  yet  been  exposed,  not  that  it  is  absent.  In  most  cases  the 
ores  are  directly  in  contact  with  aplitic  or  pegmatitic  rock. 

The  relation  of  aplite  to  ore  is  exceedingly  intimate.  In  most  of  the 
mines  the  ore  lies  against  a  floor  or  wall  formed  either  of  aplite  or  of  peg- 
matitic granite  with  much  micrographic  quartz-plagioclase  intergrowth. 
Frequent  aplitic  dikes  traverse  the  ore,  and  form  prominent  features 
because  of  their  light  colors,  in  strong  contrast  to  the  black  ore  and  the 
green  igneous  rocks.  In  spite  of  their  apparent  position  as  dikes,  they 
are  not  to  be  considered  as  later  than  the  mineralization.  This  will  be 
shown  in  the  discussion  of  the  genesis  of  the  ores. 
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The  host  rock  of  the  ore  is  either  oue  of  the  b&sic  igneous  rocks,  or  lime- 
stone. By  far  the  greater  part  of  the  ore  is  in  diorite  or  intrusive  diabase; 
some  is  found  in  the  diabasic  extrusive  rocks,  and  only  a  minor  amount 
in  the  limestones.  In  at  least  three  of  the  mines  the  ore  deposits  are  very 
close  to  the  overlying  limestone  masses,  but  there  has  been  do  locali- 
zation in  the  limestone,  and  the  larger  masses  are  separated  from  the 
limestone  by  basic  igneous  rock. 

MiNEHALOQT 

The  ore  minerals  are  magnetite  and  specularite,  with  some  amorphous, 
more  or  less  hydrated,  hematite  in  the  upper  parts  of  the  ore  deposits. 
The  common  gangiie  minerals  are  quartz,  woUastonite,  epidote,  and  lime- 
iron  garnet.  The  epidote  comes  in  two  clearly  distinct  forms.  The 
one  is  a  well-dcvetoped,  crystalline  form,  transparent  and  pleochroic 
from  green  to  yellow.  The  other  is  a  fibrous  and  scaly  form,  lacking  in 
well-defined  terminations.    The  well-crystallized  form  is  the  one  that 
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is  associated  with  the  ores,  and  other  Ume  silicates.  In  some  of  the  mines 
calcite  is  intimately  intergrown  with  the  ore.  Apatite,  titanite,  and  a 
mineral  determined  with  some  doubt  as  scapolite,  were  also  found  in 
rare  cases.  Secondary  calcite,  introduced  by  recent  weathering,  is 
not  uncommon.  Pyrite  and  chalcopyrite  are  found  in  most  of  the  mines. 
They  are  almost  always  introduced  and  rarely  if  ever  original  constitu- 
ents of  the  ore  deposits.  The  pyrite  occurs  in  well-developed  crystals. 
One  of  these  from  the  West  One  Mine  is  shown  in  Fig.  13.  Associated 
with  them  is  chlorite  and  some  sericite. 

Distribution 
The  distribution  of  the  minerals  appears  to  be  haphazard  and 
extremely  irregular,  but  natural  phenomena  are  not  haphazard,  they 
are  logical  and  sequential.  Detailed  study  has  convinced  the  writer 
that  the  minerals  in  these  deposits  are  distributed  according  to  a  definite 
order.     The  most  clearly  localized  material  is  the  msissive,  fine-grained 
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intergrowth  of  magnetite  and  specularite.  This  massive  ore  lies  in,  and 
close  to,  fissures,  or  else  directly  next  to  aplitic  or  pegmatitic  granite. 
In  the  minute  intergranular  spaces  of  this  ore  occur  wollastonite  and  some 
quartz.  As  the  ore  becomes  less  massive  toward  the  margin  of  the  de- 
posit the  proportion  of  specularite  to  magnetite  increases,  wollastonite 
becomes  more  abundant,  as  does  quartz,  and  epidote  and  garnet  appear. 
Still  further  out  from  the  massive  ore,  garnet  predominates,  with 
some  epidote,  little  or  no  wollastonite,  very  little  quartz,  and  some  more 
coarsely  crystallized  specularite  and  magnetite.  In  some  cases  this  zone  is 
composed  entirely  of  massive  garnet  with  very  few  impurities.  Beyond 
the  garnet  is  an  area  in  which  epidote  and  quartz  are  prevalent.  Minerali- 
zation of  this  type  is  the  most  widely  diffused,  and  merges  gradually 
into  partially  chloritized  and  epidotized  country  rock.  The  above  de- 
scription holds  only  for  the  typical  deposits  in  igneous  rocks.  The  com- 
plete sequence  is  rarely  well-exposed.  It  can  best  be  observed  in  the 
East  Mine  and  in  West  Five  Mine. 

Those  deposits  which  are  obviously  in  limestone  show  two  kinds  of 
mineral  distribution.  One  is  shown  in  the  Chicharron  Mine.  It  is  a 
dike-like  mass  of  magnetite  and  specularite,  with  interstitial  wollastonite. 
The  contact  with  the  marble  is  sharp,  and  no  contact  minerals  are  found. 
The  other  form  of  orebody  in  limestone  is  a  central  mass  of  almost  pure 
specularite,  in  rosette-like  clusters,  or  granular  masses,  surrounded 
by  an  intimate  intergrowth  of  quartz  well-crystallized  calcite,  garnet 
and  epidote.  This  form  of  orebody  is  best  exposed  in  the  North  Mine. 
The  transition  to  unaltered  marble  is  not  exposed  there.  In  the  Ocania 
Mine  this  transition  is  exposed  and  shows  a  sharp  change  from  garnet 
rock  to  unaltered  marble. 

Apatite  is  so  rare  that  it  is  a  curiosity  in  the  district.  Fig.  14  shows 
a  microphotograph  of  the  one  section  in  which  it  was  found  in  appreciable 
amount.  It  appears  in  the  usual  hexagonal  basal,  and  elongated  pris- 
matic sections.  Later  than  the  apatite  in  time  of  crystallization  are 
magnetite  and  the  minute  garnet-epidote  intergrowth.  The  scarcity  of 
apatite  and  so  of  phosphorus  in  the  ore  is  of  the  greatest  economic  im- 
portance. It  is  also  an  indication  that  phosphorus  had  little  or  no  share 
in  the  mineralization. 

The  secondary  calcite,  the  kaolin,  and  the  amorphous  and  hydrated 
hematite,  are  found  either  very  close  to  the  surface  or  in  channels 
to  which  meteoric  waters  have  obviously  had  access.  Pyrite  is  common 
in  all  the  mines  and  lies  close  to  the  surface  in  an  unaltered,  well-crystal- 
lized condition. 

Interpretation  of  the  Mineralogy 

The  first  inference  to  be  drawn  from  the  mineralogy  of  the  ore  deposits 
is  that  they  were  formed  at  a  high  temperature.    The  temperature  of 
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mineral  formations  is  not  yet  so  well  known  that  accurate  conclusioDs 
can  be  drawn  from  mineralogy  as  to  the  exact  temperature  at  whicb  ore 


deposits  were  formed,  but  the  occurrence  of  lime-iron  garnet  and  of 
wollastonite  indicates  high  temperatures.  The  association  with  quartzose 
pegmatitic  dikes,  which,  as  will  appear  later,  are  believed  to  be  con- 


temporaneous with  the  ore  formation,  places  the  temperature  at  from 
575°  to  SOCC.^* 


"  P.  E.  Wright  and  £.  S.  Larsen:  Quartz  as  a  Geologic  Thermometer. 
Journal  of  SrUnce,  Ser.  4,  vol.  27,  p.  421  (1909). 
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The  second  inference  drawn  from  the  mineralogy  is  that  the  iron,  lime, 
and  quartz  are  either  entirely,  or  in  part,  introduced  material.  The 
large  quantity  and  great  concentration  of  the  iron  oxides  makes  their 
formation  from  the  rock  in  which  they  are  found  highly  improbable, 
and  it  can  be  assumed  that  they  represent,  almost  entirely,  introduced 
material. 

The  lime  silicates,  epidote,  woUastonite,  and  garnet  are  so  abundant 
that  an  addition  of  lime  seems  extremely  probable.  Because  the  rock, 
now  entirely  replaced  by  ore,  was  a  calcic  igneous  rock,  it  is  impossible  to 
determine  whether  the  lime,  which  was  added  to  form  garnet  zones,  came 
from  the  magma  or  from  the  replaced  rock.  Since,  in  places  like 
Estancia  Hill,  the  garnet  zones  are  out  of  all  proportion  to  the  size  of  the 
orebodies,  an  addition  of  lime  from  the  magma  seems  probable.  The 
major  part  of  the  lime  is  deposited  in  a  zone  beyond  the  iron.  In  this 
section  the  lime  silicates  always  show  a  later  crystallization  than  the  iron 
oxides.  This  makes  it  appear  as  if  the  mineralizing  agent  deposited  most 
of  the  iron  oxides  while  still  able  to  retain  much  lime  in  solution.  Further 
evidence  of  the  addition  of  lime  from  the  magma  is  afforded  by  the  apa- 
tite, intergrown  with  the  magnetite,  in  the  specimen  from  West  Five 
Mine  described  above  (Fig.  14).  The  epidotization  and  silicification  in 
the  outermost  zone  seems  to  be  largely  recrystallization,  and  represents  a 
hydrothermal  alteration,  more  or  less  in  situ,  rather  than  an  addition  of 
material.  The  chloritization  is  also  an  effect  of  this  hydrothermal 
metamorphism.  Six  samples  of  diabase  showing  more  or  less  epidote  were 
analyzed  for  lime.  They  were  selected  at  various  distances  from  a.lime- 
stone  inclusion,  in  order  to  show  a  supposed  absorption  of  lime.-  The 
variation  in  the  lime  content  is  so  slight  that  no  addition  of  lime  in  this 
zone  can  be  postulated.  The  quartz  is  probably  largely  a  byproduct  of 
the  alteration  of  hornblende  to  epidote.  It  is  also  in  part  introduced, 
as  is  shown  in  the  microphotograph  of  a  specimen  from  the  diabasic 
porphyry  in  the  East  Mine  (Fig.  15). 

In  regard  to  the  chemical  form  of  the  mineralization,  inferences  are 
largely  negative.  Evidence  of  the  participation  in  the  mineralization  of 
any  of  the  halogens  is  practically  lacking.  The  apatite  and  dubious 
scapolite  indicate  some  chlorine,  but  the  occurrence  of  chlorine-bearing 
minerals  is  so  rare  that  the  introduction  of  the  iron  as  chloride  cannot  be 
shown.  CO2  would  be  expected  to  show  its  presence  in  the  formation 
of  carbonates  in  the  zone  of  hydrothermal  alteration.  No  appreciable 
amount  of  carbonates  was  found,  except  in  the  occurrences  in  limestone. 
The  presence  of  much  water  is  shown,  however,  by  the  extensive  hydro- 
thermal  alteration  in  the  outer  zone  of  mineralization.  If  the  inferences  in 
regard  to  the  temperature  of  the  formation  of  the  ore  deposits  is  correct, 
it  is  more  than  200°  above  the  critical  temperature  of  water  (358°C.). 
The  fact  that  this  water  carried  material  in  solution  makes  it  impossible 
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to  prove  that  it  was  in  the  form  of  vapor;  but  the  high  temperature  and 
the  fact  that  the  mineralizers  were  able  to  permeate  dense  rocks  so  readily 
makes  it  probable  that  they  were  in  the  gaseous  rather  than  the  liquid 
phase.  The  mineralizers  are,  therefore,  believed  to  have  been  domi- 
nantly  water  vapor,  carrying  with  it  iron,  Ume  and  siUca.  The  variation 
in  mineralization  with  decreasing  intensity  is  believed  to  be  as  shown  in 
the  diagram.  Fig.  16. 

A  later  mineraUzation  is  represented  by  the  pyrite  and  chalcopyrite. 
Field  observation  shows  that  the  pyrite  in  the  ore  lies  in  channels  along 
which  solutions  have  passed.  In  the  ore  it  is  usually  accompanied  by 
chlorite.  Where  the  pyritization  has  taken  place  in  the  wall  rocks,  as 
at  the  west  side  of  the  Ocania  Mine,  both  chlorite  and  sericite  occur.  The 
pyrite  seems  to  represent  a  very  much  later  stage  of  mineralization  than 
the  magnetite  and  hematite.    It  is  impossible  to  prove  any  definite 
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connection  between  the  pyritization  and  the  mineralization  that  produced 
the  orebodies.  It  seems  probable  that  the  solutions  that  brought  the 
pyrite  came  in  at  the  time  of  the  intrusion  of  the  later  dikes. 


Superficial  Alteration 

W.  Lindgren  believes  that  the  hematite  is  the  result  of  the  alteration  of 
magnetite  by  surface  agencies.    He  says: 

" the  hematitization   is   probably   a  low-temperature   process   developing 

gradually  under  the  influence  of  oxidizing  atmospheric  waters."*^ 

The  occurrences  in  the  Firmeza  district  are  in  entire  accord  with  those 


«^  W.  Idndgren  and  G-  P.  Ross:  The  Iron  Deposits  of  Daiquiri,^Cuba.    TranB., 
vlo.  63,  p.  62  (1916). 
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recorded  by  Lindgren  at  Daiquiri.  There  is  an  increase  of  hematite  in 
the  higher  levels  of  the  mines.  A  polished  specimen  of  the  massive  ore 
from  the  Chicharron  Mine  shows  very  clearly  the  intimate  intergrowth 
of  specularite  and  magnetite,  and  some  of  the  specularite  forms  a  later 
veinlet  through  the  magnetite;  but  to  accept  without  question  specu- 
larite as  an  oxidation  product  of  magnetite  is  diflScult.  The  writer  has 
been  unable  to  find  any  record  of  the  synthesis  of  specularite  except  at 
high  temperatures,  or  of  the  occurrence  of  specularite  as  the  result  of 
surface  oxidation  except  under  superimposed  regional  metamorphism. 
It  is  not  the  crystalline  facies  of  hematite  that  forms  under  surface 
agencies,  as  the  result  of  dehydration  of  limonite,  in  the  ores  of  Mayari. 
Lindgren  does  not  state  that  the  process  of  hematitization  produces  the 
crystalline  facies  of  hematite  (specularite).  But  since  it  is  the  crystalline 
phase  that  is  abundant,  and  the  earthy  phase  rare,  it  must  be  the  specu- 
larite to  which  he  refers.    He  does  say:** 

"The  pits  in  the  hematite  are  probably  caused  by  the  local  development  of  a 
softer  or  earthy  facies  of  the  mineral.'' 

In  spite  of  the  fact  that  all  the  observations  accord  with  the  theory 
advanced  by  Lindgren,  the  writer  desires  to  suggest  another  hypothesis — 
that  is,  that  both  the  magnetitization  and  the  hematitization  are  due  to  a 
primary  mineralization  by  gaseous  solutions  deficient  in  ferrous  oxide. 
F.  W.  Clarke  says:" 

"Ferric  oxide  can  crystallize  out  as  hematite  only  when  ferrous  compounds  are 
either  absent  or  present  in  quite  subordinate  amounts,  for  ferrous  oxide  unites  with  it 
to  form  magnetite." 

The  crystallization  of  specularite  as  a  later  phase,  from  a  gaseous  solution 
containing  insufficient  ferrous  oxide  to  produce  all  magnetite,  is  in  accord 
with  Clarke's  observation.  Deficiency  of  FeO  could  account  for  a  change 
from  magnetite  to  specularite  about  centers  of  crystallization.  It  could 
also  account  for  a  diffusion  of  the  hematitization  to  a  higher  level,  further 
from  the  centers  of  mineralization  than  the  magnetitization.  Local  varia- 
tions in  the  mineralizing  solutions  account  for  the  variations  in  the  pro- 
portion of  hematite  to  magnetite  in  bodies  equally  close  to  the  parent 
magma. 

The  only  important  effect  ascribed  to  surface  waters  by  the  writer  is 
the  oxidation  of  the  pyrite  near  the  surface,  and  the  resulting  decrease  in 
the  undesirable  sulphur  content. 


"  Op.  cU.,  p.  52. 

«»F.  W.  Clarke:  Data  of  Geochemistry.     BvUeiin  No.  616,  U.  S,  GeologUal 
Survey,  p.  347. 
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VI.  GENESIS  OF  THE  ORE  DEPOSITS 

Previous  Theories 

The  preceding  description  of  the  ore  deposits,  and  discussion  of  their 
mineralogy,  makes  it  possible  to  consider  the  larger  features  of  their 
mode  of  formation.  As  this  is  purely  a  matter  of  interpretation,  it  is 
necessary  to  consider  first  the  interpretation  given  by  others.  J.  P. 
Kimball,  writing  in  1884-85,  and  F.  F.  Chisholm,  in  1890,  formed  their 
conclusions  from  observations  made  in  the  Firmeza  district.  A.  C. 
Spencer  based  his  theories  on  work  done  at  both  Firmeza  and  Daiquiri 
in  1901.  The  papers  by  J.  F.  Kemp,  and  by  W.  Lindgren  and  C.  P. 
Ross,  were  written  more  largely  from  evidence  gathered  at  Daiquiri, 
with  some  specimens  and  a  brief  visit  by  Kemp  to  the  Juragua  mines  in 
1914.  J.  T.  Singewald  and  B.  LeRoy  Miller  made  a  brief  visit  to  the 
Firmeza  and  Daiquiri  districts  in  the  fall  of  1915. 

J.  P.  Kimball^*  recognizes  two  types  of  ore  deposit  in  the  Juragua  dis- 
trict. These  are  "replacements''  of  the  coral  limestone  by  iron-bearing 
solutions,  and  "concentrations"  of  ferric  oxide  in  the  diorite,  "almost 
in  situ.'*  Both  replacement  and  concentration  are  ascribed  to  the 
action  of  circulating  meteoric  waters. 

F.  F.  Chisholm*^  discusses  the  theory  advanced  by  J.  P.  Kimball,  and 
disagrees  with  it.    He  states  his  own  opinion  as  follows:^* 

''My  conclusions,  after  going  in  detail  over  most  of  the  exposure  made  by  the 
Union  cut,  were  that,  whatever  the  exact  character  of  the  ore  deposit,  the  preeent 
position  of  the  ore  cannot  properly  be  considered  the  result  of  local  metamorphism  of 
limestones  by  the  action  of  surface  waters  containing  iron  leached  from  the  overlying 
mass  of  iron-bearing  diorite.  I  am  much  more  strongly  inclined  to  consider  the  ore 
here  either  the  result  of  concentration  within  a  diorite  dyke  which  was  originally 
characterized  by  the  presence  of  a  large  percentage  of  iron,  or  else  a  distinct  band  form- 
ing a  portion  of  a  larger  dyke.  In  other  words,  I  aim  strongly  of  the  opinion  that  the 
source  of  the  ore  is  from  below,  and  consequently  that  the  loyalty  of  these  deposits 
may  be  relied  on  below  the  limits  of  atmospheric  action.  I  regret  that  I  was  unable 
to  go  into  the  question  in  detail,  and  get  positive  facts  in  support  of  my  belief,  but 
that  I  am  obliged  to  admit  that  my  examination  was  too  superficial  to  enable  me  to 
prove  my  views." 

A.  C.  Spencer,*^  after  considering  several  possible  explanations  of  the 
genesis  of  the  ore  deposits,  comes  to  the  conclusion  that  they  are  parts  of 

**  J.  P.  Kimball :  Geological  Relations  and  Genesis  of  the  Specular  Iron  Ores  of 
Santiago  de  Cuba.     American  Journal  of  Sciences ^  Ser.  3,  vol.  28,  p.  426  (1884). 

The  Iron-Ore  Range  of  the  Santiago  District  of  Cuba.  Trans,,  vol.  13.,  pp.  613- 
634  (1884-85). 

"  F.  F.  Chisholm:  Iron-Ore  Beds  at  the  Province  of  Santiago,  Cuba.  Proceed- 
ings of  the  Colorado  Scientific  Society,  vol.  3,  part  3,  pp.  259-263  (1888) . 

"  Op.  ciL,  p.  262. 

"  C.  W.  Hayes,  T.  W.  Vaughan,  and  A.  C.  Spencer:  Report  on  a  Geological  Re- 
connaissance  of  Cuba,  1901. 
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an  older  limestone-Bchist  series  which  has  been  completely  involved  in  the 
later  igneous  intrusions.  The  following  quotation  shows  how  completely 
Spencer  supposed  this  older  series  to  have  been  immersed  in  the  igneous 
rock.*' 

"A  mass  of  many  million  tons  weight  floated  upward  by  the  buoyant  effect  of 
molten  rock  in  motion  from  the  interior  toward  the  surface  of  the  earth,  is  the  only 
conception  which  adequately  accounts  for  the  mode  of  occurrence  of  the  orebodies 
of  the  Magdalena  and  the  Lola  Mines  at  Daiquiri;  while,  though  less  strikingly  shown, 
at  Firmeza  it  is  likely  that  the  masses  of  schist,  marble  and  ore  have  been  likewise 
actually  suspended  in  the  molten  lava." 

J.  F.  Kemp**  divides  the  orebodies  into  two  types — the  "Distinctive 
Contact  Zones"  in  limestone,  and  the  orebodies  in  the  diorite.  The 
former  he  regards  as  due  to  contact-metamorphic  effects  produced  in  the 
limestones  by  the  granite.     Of  the  orebodies  in  the  diorite  he  says: 

"One  is  led  to  the  conclusion  that  while  the  diorite  mass  was  still  hot  in  the  depths 
or  after  it  had  consolidated  and  had  been  penetrated  by  some  other  and  still  hot 
intrusive  in  depth,  a  pronounced  northwest  and  southeast  fissured  zone  was  formed, 
up  through  which  came  the  emissions,  fluid  or  gaseous,  which  brought  the  iron  for 
the  ore,  the  pyrite,  the  garnet  and  the  epidote;  the  sulphur  for  the  pyrite;  and  the  silica 
for  the  quartz,  the  garnet  and  the  epidote.  The  lime  required  by  the  garnet  and  the 
epidote  may  have  been  derived  from  the  plagioclase  and  hornblende  of  the  diorite,  or 
srom  included  blocks  of  limestone,  or  deep-lying  limestone,  or  from  several  of  these 
fources." 

Another  quotation  from  the  same  article  might  indicate  that  Kemp 
suspected  what  has  become  the  conviction  of  the  writer:'® 

"One  cannot  help  associating  the  granitic  or  pegmatitic  dikes  with  some  large 
parent  body.  The  natural  one  is  the  intrusive  granite  mentioned  at  the  outset. 
Yet  this  granite  has  produced  contact  zones  on  the  .older  limestone  with  orebodies, 
whereas  the  granitic  and  quartz-porphyry  dikes  are,  in  two  cases  at  least,  later  than 
the  large  orebodies.  We  can  only  suspect  the  possible  connection  without  being  able 
to  prove  it." 

Kemp  apparently  bases  his  conclusion  that  the  apUte  dikes  represent  a 
later  intrusion  into  the  ore  on  the  fact  that  the  dikes  appear  to  cut  the  ore. 
That  another  hypothesis  is  possible  will  be  shown  later. 

W.  Lindgren  and  C.  P.  Ross,'^  on  evidence  gathered  by  the  senior 
author,  deduced  the  following  conclusions:'^ 

''From  the  above  it  is  clear  that  the  primary  iron  oxide  of  the  deposits  at  Dai- 
quiri is  a  magnetite,  which  subsequently  has  been  altered  more  or  less  comiJletely  to  a 

««  Op.  cU,,  p.  82. 

*•  J.  F.  Kemp:  The  Geology  of  the  Iron-Ore  Deposits  In  and  Near  Daiquiri,  Cuba. 
Trana,,  vol.  53,  p.  30  (1916). 

w  Op.  cU.,  p.  21. 

•^  W.  Lindgren  and  C.  P.  Ross:  The  Iron  Deposits  of  Daiquiri,  Cuba.  Trans. , 
vol.  63,  p.  52  (1916). 

»*  Op.  cit.f  p.  63. 
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hematite.  The  disouasion  of  genesis  may  therefore  be  divided  into  two  parts:  the  firat 
relating  to  the  origin  of  the  magnetite;  the  second  to  its  subsequent  hematitisatioa. 

The  mineral  association  of  the  magnetite,  particularly  the  presence  of  much 
garnet,  shows  that  it  originated  under  high-temperature  conditions. 

On  the  other  hand,  the  hematitization  is  probably  a  low-temperature  process 
developing  gradually  imder  the  influence  of  oxidising  atmospheric  waters." 

The  problem  of  hematitization  has  already  been  discussed. 

Further  on  three  theories  discussed  by  A.  C.  Spencer  are  rediscussed 
by  the  authors.  After  dismissing  the  other  two  theories/  the  second 
theory  is  accepted,  as  follows: 

"There  rem^dns  the  second  theory,  accounting  for  the  large  masses  of  magnetite 
included  in  the  diorite  by  contact-metamorphic  limestone,  by  which  the  latter  has 
become  almost  entirely  replaced  by  magnetite  derived  from  magmatic  emanations 
rich  in  iron.  While  it  is  freely  admitted  that  the  genesis  of  the  Daiquiri  deposits  is 
difficult  to  explain,  it  will  be  shown  that  the  view  outlined  in  the  previous  sentence 
has  much  in  its  favor." 

J.  T.  Singewald  and  B.  LeRoy  Miller  discuss  the  theories  advanced 
by  J.  F.  Kemp,  and  by  W.  Lindgren  and  C.  P.  Ross  in  the  papers 
cited  above  and  come  to  the  conclusions  summed  up  in  the  following 
paragraph:*' 

''To  sum  up  our  opinions,  the  Cuban  iron  ores  are  contact-metamorphic  deposits 
localised  about  engulfed  blocks  of  limestone  in  diorite.  In  such  cases,  where  there 
was  a  limited  supply  of  magmatic  emissions,  there  resulted  the  contact  metamorphism 
of  only  a  part  of  the  limestone  block.  Where  the  supply  was  ample  and  the  action 
most  intense,  not  only  was  the  block  of  limestone  completely  replaced,  but  complete 
endomorphism  of  the  igneous  rock  on  a  large  scale  occurred  in  the  vicinity." 

The  above  are  the  interpretations  offered  by  others  who  have  studied 
the  field  more  or  less  closely.  But  a  study  of  different  exposures  and  a 
different  viewpoint,  have  led  the  writer  to  conclusions  which  are  somewhat 
at  variance  with  those  quoted. 

Hypothesis  of  the  Genesis  of  the  Obb  Deposits 

Any  comprehensive  theory  concerning  the  formation  of  an  ore  deposit 
in  a  rock  of  which  it  is  not  an  original  part — i.e.,  an  epigenetic  deposit — 
must  account  for  four  things: 

I.  The  source  of  the  material  forming  the  deposit. 

II.  The  vehicle  that  introduced  the  material. 

III.  The  channel  through  which  the  material  was  introduced. 

IV.  The  cause  for  the  deposition  of  the  material. 

Source  of  the  Iron  Ore 

The  ultimate  source  of  the  iron  ore  was  the  diabasic  magma.  The 
extruded  part  of  this  magma,  with  the  involved  limestones,  together  with 

'*  J.  T.  Singewald  and  B.  LeRoy  Miller:  The  Genesis  and  Relations  of  the  Dai* 
quiri  and  Firmeza  Iron-Ore  Deposits,  Cuba.     Trans,,  vol.  53,  p.  73  (1916). 
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the  chilled  upper  part  of  the  magma  (the  diabases  and  diorite)  form  the 
host  rock  of  the  ore  deposits.  It  has  already  been  shown,  in  the  discus- 
sion of  the  areal  geology  of  the  district,  that  this  magma  was  differen- 
tiated, that  the  earlier  igneous  rocks  represent  the  parent  magma  and  its 
early  differentiation  products,  and  that  the  latest  rock  differentiate  was 
the  granite  massif  with  its  aplitic  apophyses.  These  aplites,  which  are, 
under  anhydrous  conditions,  extremely  viscous,  must  have  contained  large 
quantities  of  crystallizers,  to  keep  them  fluid  and  enable  them  to  pene- 
trate the  basic  rocks  as  sills  and  dikes.  It  is  believed  that  these  crys- 
tallizers were  mostly  composed  of  water  vapor  well  above  the  critical 
temperature,  and  that  they  held  in  fi,u  ionized  state  the  ore  minerals. 

Vehicle  to  Carry  the  Material 

These  concentrated  crystallizers  were  also  the  vehicle  to  carry  the 
mineral  burden  into  the  rocks  which  act  as  host  for  the  ore  deposits,  i.e., 
the  crystallizers  plus  the  minerals  are  the  mineralizers.  Their  nature  has 
already  been  discussed  under  the  interpretation  of  the  mineralogy. 

Channels  throitgh  which  the  Materials  Were  Introduced 

One  of  the  striking  features  of  the  larger  Firmeza  deposits  is  that 
the  ores  have  almost  obviously  avoided  the  masses  of  marmorized  lime- 
stone. This  can  be  explained  by  the  fact  that  the  channels,  through 
which  the  mineralizers  entered,  were  not  lines  of  weakness  or  shear  zones 
produced  by  structiu'al  faulting,  but  were  cooling  cracks  in  the  igneous 
rocks. 

Causes  of  Deposition 

The  causes  of  deposition  may  be  of  either  a  chemical  or  physical 
nature,  or  a  combination  of  the  two.  It  has  been  the  tendency  of 
geologists  to  ascribe  to  chemical  action  the  dominant  rdle  in  contact- 
metamorphic  actions.  This  makes  it  difficult  to  account  for  ore  deposits 
in  two  rocks  as  chemically  different  as  diabasic  igneous  rock  and  marmor- 
ized limestone,  except  by  postulating  different  theories.  If  it  is  believed 
that  the  dominating  cause  of  deposition  is  physical,  and  is  inherent  in 
the  mineralizing  solutions,  whether  liquid  or  gaseous,  this  difficulty  is 
obviated.  It  is  the  writer's  opinion  that  such  was  the  case  in  the  forma- 
tion of  these  deposits.  The  mineralizers  were  under  such  great  pressure 
and  at  such  high  temperature  that  they  had  the  power  to  diffuse  through, 
and  either  partially  or  wholly  absorb,  any  rock  with  which  they  came 
into  contact.  This  diffusion  and  partial  absorption  would  rob  the  mineral- 
izers of  a  large  part  of  their  activity,  and  would  cause  deposition  of  the 
minerals  in  a  definite  order.     The  order  would  be  dependent  on  the 
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saturation  of  the  gases  or  solutions  with  the  material  to  be  deposited. 
The  field  evidence  for  such  an  order  is  clear,  and  as  shown  in  discussing 
the  mineralogy  of  the  deposits,  magnetite  and  specularite  are  the  first 
minerals  deposited.  As  a  result,  the  magnetite  and  specularite  are  local- 
ized in  and  near  the  fissures  through  which  the  solutions  had  access,  while 
the  epidote,  which  is  probably  only  in  part  due  to  accession  of  material 
from  the  magma,  and  is  more  largely  a  recrystallization  of  material 
present  in  the  host  rock,  is  much  more  widely  diffused.  Joseph  Barrell, 
in  conversation  with  the  writer,  suggested  that  such  a  hypothesis  may  also 
account  for  the  association  of  aplitic  and  pegmatitic  dikes  with  basic 
mineral  segregations.  The  dikes  are  regarded  as  the  residual,  acidic 
rock  material  left  in  fissures,  from  which  the  mineralizers  had  gone  into 
the  rockbody,  and  in  the  process  had  effected  a  separation  of  acidic  and 
basic  material. 

Under  the  hypothesis  advanced,  the  orebodies  owe  their  localization 
in  igneous  rock  or  limestone  almost  entirely  to  the  accessibility  of  the  rocks 
to  the  mineralizing  solutions.    The  same  causes  govern  all  the  cases. 

Briefly  stated,  it  is  the  writer's  belief  that  the  orebodies  in  the  Firmeza 
district  are  due  to  mineralizers  concentrated  by  further  differentiation 
from  the  granitic  massif,  which  is  itself  a  differentiate  of  the  diabasic 
magma.  These  mineralizers  diffused  from  the  igneous-rock  material 
into  those  rocks  to  which  fissures  gave  access,  and,  in  diffusing,  deposited 
their  mineral  burden,  and  left  the  rock  material  with  which  they  had 
been  mixed  in  the  fissures,  as  aplites  and  pegmatites. 

Under  this  hypothesis  the  mineralization  becomes  a  definite  event  in 
the  igneous  cycle,  which  cycle  may  be  restated  as  follows: 

1.  Extrusion  of  diabasic  rock  material. 

2.  Intrusion  of  diabasic  magma. 

3.  Formation  by  differentiation  of  more  acidic  residual  liquid  in 
magma  reservoir,  with  concentration  of  mineralizers. 

4.  Batholythic  invasion  of  granitic  material,  together  with  minerali- 
zers. 

5.  Further  differentiation  of  the  granitic  batholith  and  escape  of 
mineralizers  with  some  acidic  rock  material,  into  cooling  cracks  in  country 
rock. 

6.  Separation  of  basic  mineralizers,  and  acidic  rock  material,  with 
contemporaneous  formation  of  ore  deposits  and  aplitic  dikes  and  pegma- 
titic apophyses. 

The  hypothesis  submitted  above  is  given  prior  to  a  detailed  descrip- 
tion of  the  ore  deposits.  It  must  be  tested  by  its  application  to  the 
phenomena  observed  in  the  field,  and  by  its  ability  to  meet  the  objections 
raised  by  other  writers  on  the  same  subject. 
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Discussion  op  the  Diffebent  Hypotheses 

The  hypotheses  of  the  different  geologists  who  have  visited  the  region 
have  been  given,  either  as  abstracts  or  by  quotations.  The  earliest  of 
these,  that  by  J.  P.  Kimball,  does  not  account  for  the  formation  of  what 
are  now  known  to  be  high-temperature  minerals:  garnet,  wollastonite, 
etc.  Kimball  recognized,  however,  that  some  of  the  ores  lay  in  diorite 
and  could  not  be  accounted  for  by  a  hypothesis  which  depended  entirely 
on  limestone  as  a  precipitant.  F.  F.  Chisholm  does  not  attempt  to  formu- 
late a  complete  theory  of  the  genesis  of  the  ore  deposits.  With  his  con- 
clusion that  the  mineralizing  solutions  came  from  below,  and  were  not  of 
meteoric  origin,  the  writer  entirely  agrees. 

The  theory  accepted  by  A.  Spencer  requires  an  older  limestone-schist 
series.  Limestone  was  found  in  the  Firmeza  district  in  considerable 
abundance,  but  schist  could  not  be  found  by  the  writer.  The  occurrence 
of  tuff-limestones  interbedded  with  the  volcanic  extrusive  material  makes 
it  seem  probable  that  the  period  of  sedimentation,  and  the  initiation  of 
the  igneous  cycle,  were  not  separated  by  a  time  interval  sufficient  for 
the  forming  of  surface  orebodies  and  their  entombing  in  igneous  rock. 
This  theory  also  fails  to  account  for  the  forming  of  ore  in  diorite.  In  a 
tunnel  imder  West  Five  Mine  the  transition  from  fresh  diorite  to  granular 
magnetite  can  be  traced.  The  transition  is  gradual  and  there  is  no  con- 
tact which  could  possibly  be  interpreted  as  the  margin  of  a  partly  assimi- 
lated block. 

Later  writers  all  agree  in  ascribing  an  igneous  origin  to  the  mineraliz- 
ing solutions.  The  principal  divergence  is  in  the  amount  of  influence 
ascribed  to  the  Umestone.  Lindgren  and  Ross  beUeve  the  ore  to  be  defi- 
nitely localized  in  Umestone.  Singewald  and  Miller  regard  the  ore  as  in, 
and  about  limestone.  Kemp  believes  that  some  of  the  deposits  are 
independent  of  Umestone.  In  regard  to  this  feature  the  writer  agrees 
entirely  with  Kemp.  The  conception  of  the  orebodies  as  metamorphosed, 
engulfed  limestone  masses  is  difficult.  The  shape  and  position  of  the  ore- 
masses  demand  that  the  entombed  blocks  should  have  been  comparatively 
thin,  and  that  they  should  have  come  to  rest  in  every  conceivable  position. 
This  theory  completely  fails  to  account  for  the  gradual  transition  from 
ore  to  diorite  shown  at  its  best  in  West  Five  Mine.  Such  a  deposit 
could  be  accounted  for  only  on  the  basis  of  complete  assimilation  of  the 
limestone,  and  a  deposition  of  magnetite  about  the  locus  of  assimilation. 
Any  theory  that  places  the  burden  of  producing  the  orebodies  upon  the 
diorite,  is  open  to  one  great  objection.  It  demands  that  a  magma  of 
almost  gabbroic  basicity  shall  have  produced  contact-metamorphic 
phenomena  of  the  most  intense  variety.  Kemp  recognized  this,  and 
ascribes  the  orebodies  in  limestone  to  the  granite,  and  the  orebodies  in 
the  diorite  to  solutions  from  "some  other"  intrusive.    But  Lindgren  and 
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Ross,  and  Singewald  and  Miller  regard  the  diorite  as  the  source  and  as 
the  cause  of  the  mineralization.  Another  objection  is  the  fact  that, 
under  that  theory,  the  diorite  must  have  exercised  a  strong  sdective 
tendency.  Unaltered  marble  within  20  ft.  of  massive  ore,  and  separated 
from  the  ore  by  recognizable  diorite,  can  be  seen  at  West  Four.  Such  a 
case  is  not  rare,  it  is  a  common  feature.  In  one  of  the  old  cuts  above 
West  One  Mine  there  is  exposed  a  small  block  of  marble,  completely 
surrounded  by  diabase  containing  smaU  ore  masses.  But  the  marble 
is  entirely  imaffected.  Contact-metamorphic  phenomena  are  undoubt- 
edly capricious,  but  if  another  explanation  will  solve  the  problem  in 
such  a  way  as  to  show  that  the  capriciousness  is  more  apparent  than 
real,  it  must  at  least  be  considered. 

The  great  objection  to  ascribing  the  source  of  the  ores  to  the  granitic 
batholith  lies  in  the  interpretation  of  the  aplitic  and  pegmatitic  dikes. 
Field  observation  clearly  establishes  the  direct  connection  between  these 
rock  types  and  the  granitic  massif.  If  these  most  acidic  facies  represent 
a  later  intrusion  into  the  ore,  the  ore  cannot  come  from  the  granite. 
Kemp  believes  they  are  later.     He  says:'* 

** ^whereas  the  granitic  and  quartz-porphyry  dikes  are,  in  two  cases  at  least, 

later  than  the  large  orebodies." 

Lindgren  and  Ross'*  agree  with  this. 

''The  dikes  of  igneous  rock'*  intruded  into  the  iron  ore  appear  to  be  somewhat 
different  from  the  diorite  and  are  either  granite  porphyry  or  aplite;  that  is,  comple- 
mentary dikes  of  a  later  generation." 

F.  Klockmann,  writing  on  contact-metamorphic  magnetite  deposits  in 
general,  puts  the  matter  even  more  strongly:" 

"Wiederholt  wird  angegeben,  dass  aplitische  G&nge  und  Granitapophysen  die 
Magnetitlager  statte  durchsetzen.  Gibt  es  denn  fflr  den  Unbefangenen  dafQr  noch 
andere  Deutung  als  die,  dass  der  Granit  in  eine  von  ihm  vorgefimdene  Lagerstatte  &ne 
Apophysen  entsendet  hat?" 

As  a  general  proposition,  the  very  fact  that  aplitic  dikes  and  granite 
apophyses  are  repeatedly  reported  as  traversing  magnetite  deposits  is 
the  strongest  possible  argument  against  the  purely  fortuitous  intrusive 
nature  of  such  apophyses.  It  was  this  constant  relationship  observed 
in  the  field  study,  that  first  convinced  the  writer  that  there  must  be 
definite  connection  between  the  forming  of  the  orebodies  and  of  the 
granitic  apophyses. 

J.  H.  L.  Vogt  recognizes  a  connection  between  the  granite  and  its 
apophyses,  and  the  magnetite  deposits  of  Kristiania.     He  says:'' 

"  Op.  cit.,  p.  21. 

•»  Op.  cit.j  p.  64. 

>*  F.  Klockmann :  t)ber  Kontaktmetamorphe  Magnetltlagerst&tten.  ZeiUchriJl 
fur  Praktische  Geologte,  vol.  12,  p.  81  (1904). 

"  J.  H.  L.  Vogt:  Problems  in  the  Geology  of  Ore  Deposits,  Trans,,  voL  31,  p. 
138  (1901). 
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"A  Btudy  of  the  Kristi&iua  contact-deposits  indioates  that  the  formatioD  of  the 
ores  preceded  the  BoUdifioation  of  the  gjanitie  magma.  Even  when  the  oree  occur 
in  slates  iminediately  adjacent  to  the  gianite,  or  in  the  amall  Silurian  fragments 
completely  HurrDUnded  by  granite,  they  are  never  found  also  in  the  granite  itself. 
Thifl  is  to  be  simply  explained  by  the  supposition  that  from  the  still  liquid  magms  the 
ores  were  'blown  into'  the  adjoining  rigid  rocks.  — The  preeenoe  in  these  deposits 
of  granitic  apophyses,  already  mentioned,  is  another  proof  that  they  were  formed 
before  the  solidification  of  the  granite." 

He  regards  the  occurrence  of  the  apophyses  with  the  ore  in  the  Kristiauia 
district  as  proof  that  the  granitic  magma  had  not  yet  solidified. 

The  absence  of  ilmenite  in  the  Finneza  occurrence  is  also  an  indication 
of  their  intimate  connection  with  the  granitic  magma.  Vogt  has  given 
some  very  complete  studies  of  the  relationship  between  the  different 


Pio.  17. — Aplitic  Granite  Borderbd  by  Maonetitb  and  Epidotb,  Tunnel 
AT  Elevation  op  299  Ft.  ondbb  West  Five  WoRRaNOa.  Maonetitb  Cauoht  in 
Aplitb  =  M.     Actual  Sibe.     ApUte — white.     Magnetite — dark, 

magnetite  deposits  and  their  sources.     A  quotation  that  shows  some  of 
his  conclusions  follows:'* 

"Die  Erfahrung  er^ebt,  dass  bei  der  'oxydischen'  Elnausaonderung  ee  namentlich 
daa  'Eiaenoxyd-mineral' — -bei  den  Gabbros  Titaneisen  oder  Titanomagnetit,  ha  den 
Peridotiten  Chromit— ist,  welches  concentrirt  wird.  Es  ist  somit  a  priori  ancunehmen, 
dass  etwaige  'oxydiache'  Eriaus8ch«dungen  in  den  Gramten  einen  fthnlichen  nie- 
drigen  TiO|-Gehalt  fahren  mUsaen  wie  die  in  dem  Granit  normal  ausgeschiedenen 
(wohl  namentlich  Magnetit  und  EisengUoE,  untergeordnet  Titaneiaen.)  " 

The  strongest  evidence  of  the  intimate  relation  between  the 
granitic  apophyses  and  the  mineralization  is  based  on  field  observation. 
Some  of  the  small  dikes  are  reproductions  in  miniature  of  the  lai^er 
occurrences.  Figs.  17,  18  and  19  are  photographs  of  two  of  these  small 
dikes. 

Fig.  17  is  of  a  specimen  from  the  ore  in  the  tunnel  under  West  Five 

>*  J.  H.  L.  Vogt:  Zur  Classification  der  Erzvorkommen.  Zeiltchrift  fUr  Praktiache 
Gealoau,  vol.  2,  p.  394  (October,  1894). 
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Mine.  This  is  as  deep-seated  an  ore  deposit  as  has  been  exposed,  and  is 
the  one  most  clearly  independent  of  limestone.  It  is  noticeable  how 
entirely  clear-cut  is  the  contact  between  aplite  and  magnetite  in  the 
lower  part  of  the  picture.  At  the  same  time  the  othe^  contact  is  less 
sharply  defined  and  clearly  shows  some  magnetite  trapped  in  the  aplite. 


Fig.  18. — Photoobaph  op  Specimen  prom  East  Mine,  Showinq  Rim  of  GAm- 
NBTO  DeveijOfed  between  Aplitic  Granite  (White)  and  Diabase  Porphtrt 
(Dark).     Actual  Size. 

Fig.  18  is  a  photograph  and  Fig.  19  a  microphotograph  of  a  specimen 
from  the  East  Mine.  This  specimen  comes  from  the  area  of  diabasic 
rocks,  that  lies  between  the  ore  in  the  East  Mine  and  the  ore  in  the  pit 
above,  known  as  North  Mine.     The  specimfen  shows  garnet,  merging 


on  one  side  into  diabase  porphyry,  on  the  other  into  aplite.  The  writer 
can  see  only  one  explanation  for  this  specimen,  and  that  is  a  change  in 
the  mineralizing  solutions  from  intermixed  mineralizers  and  acidic  rock 
material  to  aplite. 

It  is  on  the  basis  of  such  occurrences,  and  for  the  reasons  given,  that 
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the  writer  believes:  that  the  aplite  and  ore  are  phenomena  produced  at 
spproximately  the  same  time;  that  both  were  formed  from  a  mixture  of 
mineralizers  and  rock  material  derived  from  the  granitic  magma;  and 
that  the  iron  oyides,  lime  and  the  major  part  of  the  sihca,  held  in  aqueous 
solutions  above  the  critical  temperature,  diffused  into  the  wall  rock, 
leaving  the  residual  rock  material  in  the  fissures  as  aplitic  dikes. 

Vir.  DETAILED  DESCRIPTION  OF  THE  ORE  DEPOSITS 

In  order  to  test  the  hypothesis  stated  above  in  regard  to  the  genesis 
of  the  ore  deposits,  it  must  be  applied  to  the  different  occurrences  of  ore 
in  the  district.  To  do  this,  a  detailed  description  of  the  more  carefully 
studied  mines  will  be  given,  and  the  mode  of  formation  of  the  orebodies 
discussed. 

OcANiA  Mine 

The  Ocania  is  the  most  westerly  of  the  Juragua  Iron  Co.'s  mines. 
It  lies  on  a  steep  hillside,  at  an  elevation  of  from  860  to  1,085  ft. 


FiQ.  20. — Specimen  frou  Ocania  Mine,  Level  2.  The  Dark  Material  ib 
Garnet.  The  Light  Material  is  Wollastonite.  The  Structure  is  Attrib- 
DTED  TO  DiypirsiON.     Actual  Size. 

The  wall  rocks  are  coarse,  diabase  porphyry,  volcanic  agglomerates, 
and  marble.  The  contact  between  the  granitic  and  diabasic  rocks  lies 
on  the  south  slope  of  the  hill,  at  an  elevation  of  about  700  ft.  A  quartz- 
bearing,  andesitic  dike  is  found  in  the  mine  itself.  The  ore  forms  a  series 
of  lenses  that  strike  in  a  northwesterly  direction,  and  have  a  steeply 
inclined  dip  to  the  southwest.  These  lenses  are  made  up  almost  entirely 
of  hematite  and  quartz,  with  little  or  nomagnetite.  There  is  considerable 
pyrite  through  the  ore  in  various  places,  and,  at  the  edge  of  the  lime* 
stone,  chalcopyrite  and  manganese  oxide  are  found.  Some  fragments 
of  diabase,  with  native  copper  in  them,  were  observed  near  the  limestone. 
Between  the  ore  and  the  lirae.'itone  are  masses  of  garnet  rock.  Near  the 
bottom  of  the  orebody,  as  exposed  on  the  southeast  side  of  the  mine,  was 
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found  a.  rock  (Fig.  20)  which  ehows,  in  part,  altem&ting  layers  of  brown 
gamet,  and  a  greeniah  mineral  which  the  microBcope  shows  to  be  woUsa- 
tonite.  As  the  accompanying  microphotograph  (Fig.  21)  of  the  contact 
between  the  gamet  and  woUastonite  shows,  the  two  bands  have  an  inter- 
locking structure,  perpendicular  to  the  boundary.  The  black  crystals 
in  the  woUastonite  band  are  magnetite.  The  gamet  does  not  show  crystal 
edges.  Toward  the  center  it  is  very  dusty,  with  undeterminable  inclu- 
sions. The  wollastoilite  forms  an  aggregate  of  poorly  developed,  pris- 
matic crystals.  A  somewhat  similar  structure,  made  up  of  magnetite 
and  actinolite,  is  shown  in  a  specimen  from  the  Juragua  Mines  described 
by  W.  lindgren.    He  says: 

"Hie  texture  of  this  specimen  strongly  suggeeta  diffusion  banding,  such  as  might 
form  in  a  material,  a  limestone  perhaps,  freely  penetrated  by  hot  iron-bearing  solution." 


Fio.  21, — Contact  between  Oajinet  and  Wollastonite  in  Rock  Showino 
Diffusion  Stbuctdbb.  Fbou  Ocania  Minb.  X  IS.  Magnetite — black.  G&rnet 
— dark.    WoUastonite — grey.    Holes  in  thin  aection — white. 

In  the  case  of  the  Ocania  specimen  the  solutions  were  probably  lime-bear> 
ing  and  lower  in  iroa.  Whether  the  original  rock  was  limestoDe  or  dia- 
base porphyry,  it  is  not  possible  to  tell.  It  is  true  of  this  mine  that  the 
mineralization  effects  have  spread  further  into  the  diabasic  rocks  than 
into  the  marble.  The  clean  white  marble  is  separated  from  the  ore  by 
only  a  few  feet  of  garnet  rock,  while  the  diabase  ia  gametized,  near  the 
ore,  and  epidotized  for  tens  of  feet  from  the  ore.  The  ore  itself  is  so 
complete  an  alteration  of  whatever  wall  rock  it  replaces  that  there  is  no 
prima  facte  evidence  of  what  it  originally  was.  The  pyritization  is  later 
than  the  principal  period  of  ore  deposition,  the  pyrite  forming  in  frac- 
tures and  cavities  in  the  ore.  The  chalcopyrite  accompanies  the  pyrite. 
Surface  action,  producing  partial  hydration  of  the  ore  and  consider- 
able infiltration  of  secondary  calcite,  obscures  the  evidence. 
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Northeast  of  the  mine  workings  is  the  Urgest  exposure  of  marble  found 
in  the  district.  It  is  cut  by  sills  of  an  entirely  epidotized,  basic,  ^eous 
rock.  It  is  separated  from  the  orebodies  by  massive  garnet  rock,  or 
highly  gametized  and  silicified  diabasic  rock.  The  map  (Fig.  22)  shows 
the  relation  of  orebodies  to  wall  rock.  The  commercial  ore  Ib  sharply 
bounded,  but  the  mineralization  is  not. 

The  striking  features  in  this  mine  are  the  absence  of  magnetite  and 
of  highly  acid  wall  rocks,  and  the  clear  evidence  that  the  diabasic  rocks 
are  more  diffusely  mineralized  than  the  marble.  At  the  same  time  the 
resemblance  of  the  blocks  of  ore  to  engulfed  limestone  blocks  or  to  roof 
pendants,  is  noticeable. 

If  the  Ocania  Mine  were  the  only  one  studied,  it  would  be  difficult  for 
the  writer  to  defend  his  hypothesis.    There  are  no  aplitic  or  p^matitic 


rocks  in  evidence.  Except  for  one  dike  of  doubtful  age,  no  quarts-bear* 
ing  igneous  rock  is  exposed  in  the  mine.    There  is  abundant  limestone. 

There  are  also  some  features  that  are  not  explained  by  any  theory 
involving  the  diabase  as  the  ore-bringing  rock.  The  diffuse  mineraliza- 
tion of  the  diabasic  porphyry  indicates  a  hydrothermal  effect,  later  than 
the  consolidation  of  the  diabase.  It  is  difficult  to  ascribe  to  the  diabase 
porphyry  a  hematitizing  effect  on  included  limestone,  or  even  a  mag- 
netitization  free  of  chrome  or  titanium  minerals,  with  a  superimposed 
hematitization.  The  fact  that  the  larger  part  of  the  marble  has  suffered 
no  mineralization  is  also  unexplained  by  any  theory  that  makes  the  over- 
whelming of  the  limestone  by  the  diabase  the  cause  of  mineralization. 

On  the  other  hand,  if  the  solutions  are  supposed  to  come  from  the 
granite,  the  difficulties  of  explanation  are  not  so  great.  A  fissure  in  the 
diabase  near  the  limestone,  locaUzed  the  ore  and  the  mineraUzation  in 
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both  formatioDS.    The  distance  of  the  ore  exposed  from  the  parent  magma 
accounts  for  the  preponderance  of  hematite  over  magnetite. 

West  Five  Mine 

This  mine  is  the  furthest  west  of  the  mines  in  the  vicinity  of  Firmeza, 
and  lies  at  an  elevation  of  from  420  to  718  ft.  There  is  a  tunnel  imder  the 
mine  at  a  level  of  299  ft. 

The  ore  lies  in  flat  or  in  steeply  inclined  lenses.  It  is  almost  entirely 
magnetite,  the  enclosing  wall  rock  diorite,  with  considerable,  more  or 
less  aplitic,  granite  through  and  near  the  ore.     The  diorite  varies  from 


the  even,  granular  type .  shown  in  Fig.  8  to  a  porphyritic  type.     No 
fragmental  diabaaic  rocks  occur,  nor  is  there  any  trace  of  limestone. 

The  rocks  from  the  aplitio  dike,  in  the  west  side  of  the  mine,  were 
described  under  the  granitic  rocks. '  The  connection  between  apUte 
and  ore  is  shown  on  a  small  scale  in  the  photograph  (Fig.  17)  of  a  small 
dike  of  aplite  from  the  tunnel  under  the  mine.  The  magnetite  and  epi- 
dote  lying  immediately  next  to  the  aplite,  merge  gradually  into  the 
granular  diorite.  There  can  be  no  question  of  any  rocka  being  involved 
other  than  the  diorite  and  the  aplite.  Their  inter-relatJonship  has  been 
discussed  in  considering  the  question  of  genesis.  Considerable  garnet 
is  found  in  the  mine  workings,  and  its  occurrence  is  similar  to  the  mag- 
netite and  epidote.  In  one  small  exposure  the  position  of  the  garnet,  as 
a  contact  effect  in  the  diorite,  next  to  the  granite,  is  clearly  shown.     This 
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is  on  the  north  side  of  the  bottom  level.  The  epidotization  and  silicifica- 
tion  are  more  widely  diffused  from  the  granite  than  are  the  magnetite 
and  garnet.  One  specimen,  from  the  lowest  level,  showed  an  inter- 
growth  of  apatite  with  magnetite,  and  garnet  and  epidote,  cut  by  later 
veinlets  of  epidote  (Fig.  14).  This  is  the  only  case  in  which  apatite 
amounted  to  more  than  a  very  minor  accessory. 

On  the  south  side  of  the  mine  is  an  east-west  fault  steeply  inclined  to 
the  north.  It  is  obviously  post-mineral,  and  appears  not*to  be  of  very 
great  throw. 

Summing  up  the  evidence 'from  this  mine  we  find:  no  limestone; 
much  aplitic  or  porphyritic  granite;  almost  no  specularite;  but  much 
magnetite,  garnet,  epidote,  quartz — all  in  diorite. 

The  ore  deposits  of  this  mine  offer  the  clearest  evidence  that  lime- 
stone could  not  have  been  the  dominant  cause  determining  the  locus  of 
their  deposition.  There  is  no  limestone  in  the  immediate  vicinity.  The 
transition  from  ore  to  diorite  is  gradual.  The  mineralogy  shows  none  of 
the  well-crystallized  calcite  that  is  so  abundant  in  the  ore  deposits  that 
were  obviously  formed  in  limestone. 

The  intimate  relation  between  ore  and  aplite  is  also  well  shown 
here.  The  dike  exposed  in  the  west  side  of  the  workings  has  led  other 
observers  to  believe  the  granitic  apophyses  later  than  the  ore,  but  as 
shown  under  the  discussion  of  the  various  theories,  the  same  phenomena 
are  interpreted  by  the  writer  to  indicate  the  contemporaneous  formation 
of  the  ore  and  the  aplite. 

All  the  phenomena  can  be  explained  on  the  hypothesis  advanced. 
That  is  that  the  aplite,  the  magnetite,  and  the  lime  silicates  are  all  the 
effect  of  the  one  mineralizing  period. 

LoMA  Alta  Mine 

The  Loma  Alta  workings  lie  at  the  top  of  a  hill,  just  east  of  West 
Five  Mine.  They  are  at  an  elevation  of  from  900  to  1,000  ft.  As  they 
have  been  practically  abandoned  for  some  time,  weathering  agencies 
have  obscured  much  of  the  evidence.  Cropping  out  on  the  east  side  and 
pitching  under  the  workings  at  a  flat  angle,  is  a  sheet-like  mass  of 
porphyritic,  pegmatitic  granite.  In  the  southwest  corner  of  the  workings 
is  recognizable  diabase  porphyry.  What  is  left  of  the  ore  is  earthy  hema- 
tite lying  on  the  granite  with  some  kaolin  and  chlorite.  All  around  the 
workings  on  the  hill  are  rounded  boulders  of  more  or  less  pure  magnetite. 
The  association  of  the  granite,  diabase  and  ore  in  this  mine  is  suggestive, 
but  the  evidence  is  too  obscured  to  be  conclusive.  The  earthy  hematite 
undoubtedly  owes  its  origin  to  the  weathering  of  the  primary,  crystal- 
line iron  oxides.  There  is  no  reason  to  believe  that  the  process  did  not 
involve  the  formation  of  limonite  and  its  dehydration. 
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West  Three  Mine 

An  exposure  in  this  mine^  which  lies  on  the  same  hill,  south  of  and 
below  Loma  Alta  Mine,  is  worth  describing.  It  is  a  mass  of  magne- 
tite, in  diabase,  directly  next  to  a  vertical  pegmatitic  granite  dike.  The 
rocks  are  all  fairly  unaltered,  and  the  contact  relationship  well  shown. 
There  is  no  reason  to  suspect  that  any  limestone  was  involved. 

West  Four  Mine 

• 

This  mine  is  located  northeast  of  Loma  Alta,  at  an  elevation  of  from 
645  to  935  ft.  At  the  north  end  of  the  mine,  in  the  upper  levels,  is  a  mass 
of  clear  white  marble,  entirely  unmineralized.  The  wall  rock  in  the  upper 
levels  is  diabase  porphyry;  in  the  lower  levels  it  is  diorite.  The  diabase 
and  diorite  are  both  cut  by  somewhat  porphyritic  and  pegmatitic  granite. 
The  ore  is  magnetite,  and  hematite  and  magnetite,  and  lies  in  lenses, 
whose  major  axes  vary  from  a  vertical  to  a  horizontal  position,  on  top 
of  and  next  to  the  granite.  These  lenses  occur  mostly  in  the  diorite, 
partly  in  the  diabase,  but  not,  so  far  as  exposed,  in  contact  with  the 
marble.  The  entire  series,  diabase,  diorite,  granite,  ore,  is  cut  by  a  large 
dioritic  dike.  The  mineraUzation  effects  are  no  different  from  those  in 
West  Five  Mine.  The  chief  difference  is  that  there  is  marble  exposed 
in  the  West  Four  workings.  So  far  as  can  be  determined  it  has  had  no 
direct  effect  on  the  formation  of  the  ore  deposits. 

West  One  Mine 

The  West  One  workings  are  located  north  of  Firmeza  along  the  rail- 
road tract.  Exposed  for  a  long  time  and  not  much  worked  of  late  years, 
they  offer  a  poor  field  for  study.  Altered  diabase  and  diorite,  highly 
mineralized,  are  the  wall  rocks.  Neither  limestones  nor  granite  are  in 
evidence.  From  one  of  the  cuts  that  is  being  worked,  come  the  well- 
developed  pyrite  crystals,  of  which  one  is  shown  in  Fig.  13.  This 
exposure  shows  the  pyrite  all  through  the  magnetite  in  cavities  and  along 
minute  fractiires.  It  establishes  the  age  of  the  pyritization  as  definitely 
post-magnetitization. 

Fig.  24  is  a  photograph  of  a  drawing  made  with  a  camera  lucida, 
from  a  thin  section  of  a  rock  from  West  One  Mine.  The  specimen  is 
dark  and  dense,  and  shows  patches  of  magnetite.  In  thin  section  the 
rock  proves  to  be  a  diabasic  porphyry,  partly  replaced  by  magnetite. 
The  replacement  is  apparently  independent  of  the  mineralogy  of  the 
replaced  rock.  The  magnetite  occurs  in  patches  in  the  groundmass,  or 
in  the  phenocrysts,  or  partly  in  each. 

West  One  Mine  offers  no  new  evidence  in  regard  to  the  genetic  problem. 
It  does  offer,  however,  an  excellent  field  for  the  study  of  the  pyritization. 
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East  Mine 


The  East  Mine  iteelf  lies  east  of  Firmeza,  at  an  elevation  of  from  440 
to  700  ft.,  but  it  cannot  be  considered  apart  from  the  small  cut  just  to 
tlie  north  at  about  800  ft.  elevation,  known  locally  as  the  North  Mine. 

The  large  orebodies  of  this  mine  are  made  up  of  specularite  and 
magnetite,  with  much  epidote  quartz  and  gamet.  They  lie  in  the  lower 
levels  of  the  mine  around  bosses  of  aplitic  granite,  in  diorite  and  diabase 
porphyry.  Fig.  18  is  a  photograph  and  Fig.  19  a  microphotograph 
of  a  lime-iron  garnet  rim  along  a  small  aplite  dike,  in  recognizable 
diabase  porphyry.  It  shows  the  entire  ability  of  the  tnineralizers  that 
accompanied  the  aplite  to  gametize  the  diabase. 


Fig.  24. — Photooraph  of  a  Dkawihq  Made  with  a  Gauera  Lucida,  trou  a 
Thin  Section  of  a  Speciubk  from  West  One  Mine.  It  Shows  a  Diabase  Fob- 
PHTBT,  Partly  Replaced  by  Magnetite  (Solid  Black).  The  Phenocrtbt  is 
Plaoioclabb.  The  Lath-Shaped  Cbtbtals  Are  Flaqioclabe.  The  Grohnd- 
isAsa  IS  Grakular  Maohbtitb  &nt>  Chlorite. 

(In  the  upper  baU  of  the  drawmg  the  interstitial  magnetite  has  been  left  out.) 

Fig.  26  is  a  microphotograph  of  a  thin  section  of  a  completely  epido- 
ized  and  silicified  diabase.  The  specimen  comes  from  within  2  ft.  to 
the  one  shown  in  Fig.  15.  The  two  show  successive  stages  in  the  hydro- 
thermal  metamorphism. 

In  the  upper  levels,  extending  toward  the  North  Mine  workings, 
are  several  included  sheets  of  completely  mannorized  limestone.  The 
North  Mine  workings,  now  abandoned,  show  remnants  of  orebodies. 
This  ore  is  different  from  any  found  in  the  mines  so  far  described.  Well- 
developed  rosettes  of  specularite  blades  in  garnet  quartz  matrix;  well- 
crystallized  epidote  in  abundance;  coarse  quartz;  much  recrystallized 
calcite;  in  short  all  the  components  are  found  of  a  typical  contact-meta- 
morphic  deposit  in  limestone. 
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In  the  East  Mine,  as  in  the  others,  later  andesitic  and  dioritic  dikes 
are  in  evidence.  A  northwest-southeast  fault,  pitching  to  the  northeast, 
has  cut  the  ore  and  apUtic  granite  as  well  as  the  older  rocks.  It  has 
brought  the  most  basic  of  the  granitic  rocks,  the  quarts-bearing  diorite, 
in  contact  with  the  ore.  That  the  specimen  described  as  a  wall  rock  of 
the  East  Mine  by  J.  F.  Kemp"  came  from  this  mass  of  quartz-bearing 
diorite  seems  probable.  The  rock  in  which  the  ore  is  found  is  of  a  much 
finer  grain. 

In  the  East  Mine  itself  there  is  no  evidence  that  limestone  had  any 
share  in  forming  the  orebodies.  In  the  workings  known  as  the  North 
Mine,  limestone  is  without  doubt  the  host  rock  of  the  orebodies. 


EAST 
MINE 


Fia.  2S. 

The  ore  in  the  main  workings,  with  the  associated  granitic  rocks, 
was  formed  at  centers  of  intense  mineralization.  The  ore  deposits  of 
the  North  Mine  were  formed  at  a  greater  distance  from  the  centers  of 
mineralization.  The  aplite  dikes  in  the  terrane  between  the  two  are  the 
filling  of  the  fissures  through  which  the  solutions  traveled. 

Chicharron  (North  East)  Ming 

Located  about  ^4  mile  northeast  of  the  East  Mine  and  now  entirely 
idle,  are  the  workings  of  the  old  Chicharron  Mine.  This  mine  is  well 
north  of  the  zone  in  which  most  of  the  mines  lie,  and  in  some  respects 
differs  from  the  others. 
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The  face  of  the  mine  is  a  oliff  of  diabase,  over  which  the  water  of  the 
Benevolencia  River  falls.    This  diabase  is  more  or  less  mineralized,  and 


replaced  by  magnetite,  wollastonite,  and  epidote.  The  brook  bed  follows 
along  the  bottom  of  the  cUff,  and  with  an  overgrown  talus  pile,  separates 
the  cliff  from  a  mass  of  marble.    Cutting  the  marble  is  a  dike  of 


FiQ.  27.— Ore  from  CmcHARROtf  Mine.     X  18.     Magnetite— black. 

WoUastoni  te — w  h  i  te . 

magnetite,  with   interstitial  wollastonite  in  small  amounts  (Fig.  27). 
A.  C.  Spencer  describes  this  occurrence  as  follows:** 

"At  this  place  the  magnetite  seems  to  be  an  intrusive  dike  cutting  aoroBS  a  mass 
of  crystalline  limestone  into  which  it  scnda  a  short  apophysis." 

"  Op.  cu.,  p.  sa 


1834  IBON-ORB  DEPOSITS   OF  THE  FIRMEZA  DISTBICT 

The  magnetite  probably  formed  a  dike,  instead  of  a  more  diffuse  form  of 
deposit;  because  while  the  temperature  was  high,  the  pressure  was  not. 
As  a  result,  the  diffusive  power  of  the  mineralizers  was  not  great,  although 
they  could  form  high-temperature  minerals. 

In  the  Chicharron  Mine,  also,  the  later  dikes  are  in  evidence. 

EsTANciA  Mines 

• 

To  the  east  of  East  Mine,  in  the  mineralized  zone,  lies  Estancia  Hill. 
All  around  the  hill  at  from  700  to  800  ft.  elevation  lie  mine  workings. 
The  ore  in  these  workings  is  either  magnetite  and  specularite  replacing 
diabase,  or  it  is  the  hematite-garnet-calcite  combination  that  is  eloquent 
of  contact-metamorphic  limestone,  though  no  limestone  is  left.  Around 
most  of  the  hill,  and  all  of  the  south  side,  is  a  railroad  track  at  an  elevation 
of  about  500  to  550  ft.,  and  it  is  nearly  all  cut  in  a  porphyritic  granite, 
in  which  micropegmatite  predominates.  In  the  valley  north  of  Est-ancia 
Hill  granite  is  exposed  along  the  trail.  The  dump  of  an  old  tunnel  run 
into  Estancia  HiU  for  600  ft.  at  an  elevation  of  695  ft.  is  granite,  and  A. 
W.  Gaumer,  the  Juragua  Iron  Co.'s  chief  engineer,  informed  the  writer 
that  all  the  tunnel  was  in  the  same  rock.  South  of  the  railroad  track 
nms  the  lower  trail  to  Concordia,  and  it  is  all  in  diorite,  or  coarse  diabase, 
which  has  been  mapped  as  diorite. 

All  this  evidence  seems  to  indicate  that  a  sheet  of  porph3^itic  granite 
intruded  into  diabasic  rock  with  included  marble,  to  form  a  sill.  The 
orebodies  at  the  upper  contact  of  the  granite  formed  in  that  rock  to  which 
the  mineralizers  had  access. 

Concordia  Mine 

This,  the  most  easterly  of  the  Juragua  Iron  Co.'s  mines,  offers  no  new 
evidence.  It  is  the  lowest  of  the  mines,  being  at  an  elevation  of  from  300 
to  450  ft.  The  rock  and  ore  association  is  magnetite  in  diorite  with 
granite  near  by. 

The  ore  deposits  are  lenticular,  and  as  a  rule  lie  in  an  almost  horizontal 
position.     No  limestone  is  in  evidence. 

VIII.  GEOLOGIC  HISTORY 

The  evidence  from  which  the  geologic  history  of  the  Pirmeza  district 
must  be  deduced  is  scanty.  Almost  all  the  field  work  was  done  in  the 
immediate  vicinity  of  the  mines,  and  little  search  was  made  in  the  sur- 
rounding country  for  evidence  which  might  give  completeness  to  the 
geologic  history.  Enough  material  was  found  to  make  possible  a 
sequential  arrangement  of  the  geologic  events  that  produced  the  present 
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topographic,  petrologic,  and  mineralogic  features  of  the  district.  These 
geologic  events  will  be  discussed  in  the  order  of  their  occurrence,  as 
follows: 

1.  Sedimentation. 

2.  Igneous  cycle  (including  ore  deposition). 

3.  Uplift  with  tilting  and  erosion. 

4.  Deposition  of  coral  limestone. 

5.  Emergence. 

6.  Submergence. 

Sedimentation 

The  formation  which  appears  to  be  the  oldest  in  the  district  is  the 
marble.  As  has  been  shown  in  the  discussion  of  the  rocks,  this  marble 
is  Mesozoic,  and  probably  Cretaceous  in  age.  The  constituents  of  the 
floor  upon  which  the  limestones  now  represented  by  marble  were  depos- 
ited, cannot  be  determined;  nor  is  it  possible  to  estimate  the  thickness  of 
these  early  sediments,  because  of  the  lack  of  any  continuous  section.  The 
limestone  foimd  at  the  highest  elevation  is  a  tuff-limestone.  Because  of 
its  position  it  may  be  considered  as  the  youngest  of  these  early  sediments, 
and  because  of  the  volcanic  fragments  embedded  in  it  at  the  time  of  its 
deposition,  it  may  be  considered  as  representing  the  connecting  link 
between  the  period  of  sedimentation,  and  the  initiation  of  the  igneous 
cycle. 

Igneous  Cycle 

The  igneous  cycle  began  with  a  period  of  volcanic  activity,  to  which 
the  clastic  igneous  rocks  of  basic  nature  bear  witness.  These  volcanic 
rocks  form  the  southern  slopes  of  the  Sierra  Maestra  range,  and  the  tops 
of  some  of  the  foothills.  They  contain  remnants  of  interbedded  lime- 
stones, and  must  have  formed  contemporaneously  with  the  latter  part  of 
the  period  of  sedimentation. 

The  next  event  was  the  invasion  of  these  volcanic  rocks  and  sedi- 
ments by  a  magma  of  basic  composition.  Of  this  "parent"  magma  the 
present  representatives  are  the  diabasic  and  dioritic  rocks.  These  rocks 
were  left  in  their  present  position  partly  by  the  chilling  of  the  magma, 
and  to  a  lesser  degree,  by  intrusion  into  the  sediments  and  volcanic  rocks. 

The  invasion  of  basic  magma  was  followed  by  a  long  j)eriod  of  differ- 
entiation. During  this  period  the  liquid  residue  in  the  magma  chamber 
became  more  acidic,  and  charged  with  mineralizers.  This  acidic  liquid, 
with  its  burden  of  mineralizers,  invaded  the  earlier,  chilled,  basic,  igneous 
rocks  in  the  form  of  a  granitic  batholith. 

Further  differentiation,  resulting  in  a  concentration  of  the  mineral- 
izers, ended  in  the  injection  of  the  mineralizers,  with  admixed  rock 
material,  into  cooling  cracks  in  the  basic  rocks  above  the  batholith. 
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There  followed  a  separation  of  the  highly  heated  mineralizers  from  their 
admixed  rock  material,  which  resulted  in  the  formation  of  the  ore  deposits 
and  the  aplitic  and  pegmatitic  apophyses. 

It  is  uncertain  to  what  part  of  the  igneous  cycle  the  marmorisation 
of  the  limestone  should  be  ascribed,  because  all  the  marble  exposures  are 
near  or  in  igneous  intrusive  rocks,  which  range  from  diabase  to  granite. 
Any  one  of  these  may  have  been  competent  to  produce  the  marmoriza- 
tion.  It  seems  probable,  however,  that  because  it  was  the  earliest,  the 
invasion  of  the  diabasic  magma  is  responsible  for  the  greater  part  of  the 
marmorization. 

What  events  were  taking  place  at  the  surface  during  the  igneous  cycle 
is  a  question  to  which  no  answer  has  been  found.  The  formation  of  cool- 
ing cracks,  however,  in  the  basic  igneous  rocks,  seems  to  indicate  that 
they  were  not  very  far  from  the  surface  at  the  time  of  ore  deposition. 

The  last  episode  in  the  igneous  cycle  was  the  intrusion  of  basic  dikes 
into  fissures  formed  in  all  the  igneous  rocks  and  their  associated  ore 
deposits. 

Uplift,  Tilting,  and  Erosion 

Because  of  the  almost  complete  marmorization  of  the  older  limestones, 
their  bedding  is  difficult  to  determine.  But  the  pitch  of  the  extrusive, 
and  the  few  visible  remnants  of  stratification  in  the  marble,  indicate  a 
definite  dip  to  the  southeast.  Evidence  of  uplift  is  found  in  the  fact  that 
limestone  occurs  at  elevations  up  to  1,400  ft.  above  sea  level. 

As  has  been  shown  in  the  discussion  of  the  areal  geology,  there  is  no 
conclusive  evidence  as  to  the  exact  time  relation  between  the  igneous 
cycle  and  the  period  of  uplift  and  tilting,  but  because  pressure  is  to  a 
certain  extent  a  function  of  depth,  it  seems  probable  that  the  ore  deposits 
were  all  formed  in  an  approximately  horizontal  plane.  Their  present 
position  along  an  inclined  plane  would,  in  that  case,  be  some  measure 
of  the  dififerential  elevation.  Meager  and  inconclusive  as  the  evidence  is, 
it  must  be  considered,  and  until  evidence  to  the  contrary  is  found,  the 
uplift  and  tilting  should  be  regarded  as  later  than  the  igneous  activity. 

The  coral  limestones  themselves  show  no  evidence  of  tilting  and  this 
fact  places  the  tilting  as  older  than  the  coral  limestones — ^that  is  pre- 
Pleistocene.     Emergence  has,  however,  continued. 

Fragments  of  iron  ore  in  the  base  of  the  later  coastal  limestones  prove 
that  this  period  of  uplift  was  accompanied  by  erosion  sufficient  to  cut 
into  the  ore  deposits. 

So  far  as  the  ore  belt  is  concerned,  the  later  record  is  one  of  continued 
erosion.  Whatever  else  may  have  happened  to  that  part  of  the  district, 
no  record  remains  except  one  of  superficial  alteration  and  erosion.  The 
coral  limestones  and  the  valley  topography  show  that  dynamic  forces 
were  not  entirely  quiescent. 
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Deposition  of  Coral  Limestone 

The  deposition  of  the  Pleistocene-Recent  coral  limestone  began  when 
the  land  was  about  350  ft.  lower  than  at  present.  Since  then  there  has 
been  oscillation  with  predominant  emergence. 

Emergence 

The  sea-cut  clififs  in  coral  limestone,  rising  in  terraces  from  the  coast 
to  an  elevation  of  350  ft.,  are  evidence  of  the  periodic  emergence  of  the 
land  since  deposition  of  the  Umestone  began.  What  the  extent  of  the 
emergence  was  cannot  be  determined  on  the  evidence  in  the  district, 
because  it  has  been  masked  by  the  most  recent  geologic  event — 
submergence. . 

Submergence 

A.  C.  Spencer,*^  judging  from  other  parts  of  the  island,  places  the 
amoimt  of  the  submergence  at  from  40  to  70  ft.  If  the  thickness  of  the 
fluviatile  deposits  in  the  east-west  valley  could  be  determined,  it  would 
give  an  accurate  measure  of  the  amount  of  submergence  in  this  district. 

For  reasons  that  have  been  discussed  in  detail  under  the  interpretation 
of  the  topography,  the  writer  believes  that  this  submergence  represents  a 
movement  of  the  sea. 

The  geologic  history  of  this  district  is  a  record  of  quiet  activity.  There 
is  no  regional  metamorphisra  or  profound  fracturing,  such  as  would  be 
expected  if  vast  diastrophic  movements  had  taken  place.  The  only 
metamorphism  that  has  left  a  record  was  due  either  to  igneous  or  to 
superficial  causes.  The  only  fracturing  recorded  is  the  result  of  the 
shrinkage  of  igneous  rocks  in  cooling,  and  gives  evidence  of  little  or  no 
local  movement.  Igneous  forces,  acting  through  long  periods  of  time, 
dominated  the  rock  formations.  Slow  uplift,  alternating  with  periods 
of  almost  complete  quiet,  and  accompanied  by  much  erosion,  formed  the 
topographic  features. 

IX.  ECONOMIC  APPLICATION 

Any  geological  investigation  of  more  than  a  purely  academic  interest 
must  answer  some  questions  of  a  commercial  nature.  The  present  study 
of  the  ore  deposits  of  the  Firmeza  district,  by  its  inquiry  into  their  origin 
and  extent,  is  able  to  answer  certain  questions  which  are  of  economic 
interest.  These  questions  refer  to  the  continuation  of  the  deposits  in 
depth,  a  possible  change  in  their  composition  if  they  do  extend  downward, 
and  the  favorable  locus  for  the  search  for  more  ore. 
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Continuation  o^  the  Orebodies  in  Depth 

Since  the  mineralization  came  from  below,  from  the  granitic  massif, 
there  is  no  reason  to  believe  that  the  ore  will  not  extend  at  least  to  the 
granite.  On  the  other  hand,  there  is  no  reason  to  believe  that  the 
separation  of  the  mineralizers  from  the  granite  was  incomplete,  so 
that  no  ore  can  be  looked  for  in  the  granite.  Where  the  ore  lies  on  top 
of  sheet-like  granitic  masses,  like  the  Estancia  and  Loma  Alta  deposits, 
a  definite  limit  in  depth  is  in  sight,  but  in  workings  where  the  massive 
granite  is  not  in  evidence,  extensive  development  in  depth  seems  probable. 

Character  of  the  Ore  in  Depth 

The  pjrritization  in  the  ores  at  Firmeza  has  made  the  owners  of  the 
ore  deposits  fear  that  the  ores  would  change  to  pyrite  in  depth.  How- 
ever, the  pyritization  is  later  and  independent  of  depth.  There  is  no 
reason  to  believe  that  the  ores  found  at  greater  depth  will  be  any  higher  in 
sulphur  than  those  now  being  mined  in  the  lower  levels  of  the  larger 
mines.  The  lower  sulphur  content  of  the  ores  close  to  the  surface  is  due 
to  superficial  oxidation  of  the  pyrite.  Below  the  level  of  surface  oxida- 
tion the  sulphur  content  may  be  expected  to  remain  fairly  constant. 

The  only  change  that  seems  probable  is  an  increase  in  'the  proportion 
of  magnetite  to  hematite,  as  the  workings  approach  the  deeper  centers  of 
mineralization. 

Favorable  Locus  for  Exploration  Work 

The  problem  of  exploration  work  may  be  considered  in  two  w&yB — 
positively  and  negatively.  Both  are  of  fundamental  importance, 
although  frequently  the  question  of  where  to  look  for  more  ore  is  con- 
sidered, while  the  equally  important  question  of  where  not  to  look  for 
ore  is  neglected.  It  is  just  as  necessary  to  discover  in  which  localities 
the  search  for  ore  will  be  fruitless  and  therefore  any  exploration  work 
would  be  valueless,  as  it  is  to  know  where  the  search  for  ore  will  be 
profitable. 

Obviously,  rocks  formed  later  than  the  ore,  like  the  coastal  limestone, 
cannot  be  expected  to  contain  ore  deposits.  The  granitic  massif,  from 
which  the  ore  solutions  are  thought  to  have  escaped,  is  also  to  be  regarded 
as  barren  ground. 

On  the  other  hand,  the  granitic  apophyses,  aplites  and  pegmatitic 
granite  are  the  best  guides  as  to  the  location  of  orebodies.  It  is  their 
upper  surface  which  merits  the  most  careful  search. 

Since  the  orebodies  contain  much  magnetite,  the  magnetic  survey 
is  imdoubtedly  the  best  guide  to  their  location.     But  a  careful  study  of 
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the  formations  is  necessary  to  interpret  such  a  survey,  and  to  decide 
what  areas  of  magnetic  attraction  are  most  valuable,  and  also  what  areas, 
in  spite  of  a  lack  of  this  attraction,  offer  fields  for  development. 

The  e.conomic  application  of  geologic  evidence  will  be  successful  only 
as  the  interpretation  of  the  geologic  phenomena  is  correct.  At  the  same 
time  the  ultimate  test  of  any  geologic  theory  is  its  application  in  the 
field. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ihoold  praferably  be  prawnted  inpenon  at  the 
New  York  meeting,  February,  1917,  when  an  abetraet  of  the  paper  will  be  read.  If  this  ta  impoaeible, 
then  dieouMion  in  writins  may  be  aent  to  the  Editor,  American  uatitute  of  Mining  Bngineera,  29  Weat 
80th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Setoretary  or  other  representative  of  ita  author. 
Unless  apeeial  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Apr.  1, 1917.  Any  discussion 
offered  tnweafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  E£Fect  of  Sulphur  on  Low-Carbon  Steel 

BT  CABLE  B.  HATWABD,^  8.  B.,   CAMBBIDGBy  MASS. 
(New  York  Meeting.  February,  1917) 

Sulphur  has  long  been  one  of  the  banes  of  the  steel  manufacturer  and 
often  no  effort  and  expense  have  been  spared  in  order  to  reduce  it  to  a 
small  per  cent,  in  the  finished  product.  This  condition  is  due  to  a  general 
conviction  that  in  many  cases  where  steels  have  failed  in  service,  sulphur 
has  been  the  cause.  But  there  has  been  a  growing  feeling  in  recent  years 
that  the  verdict  against  sulphur  has  been  unnecessarily  severe.  In  cases 
of  segregation  it  was  present  in  augmented  amounts  along  with  other 
impurities,  but  it  had  not  caused  the  segregation.  High  sulphur  in 
pig  iron  is  caused  by  poor  furnace  conditions  and  the  sulphur  is  merely 
one  indication  of  an  iron  that  has  not  been  properly  reduced.  No  amount 
of  subsequent  treatment  under  oxidizing  conditions  in  the  open-hearth 
furnace  can  remedy  the  defects,  although  the  per  cent,  of  sulphur  may  be 
considerably  reduced.  In  other  words,  the  causes  of  bad  steel  can  fre- 
quently be  traced  back  to  bad  pig  iron,  and  sulphur  is  merely  one  indica- 
tion that  the  pig  iron  is  bad.  The  writer  recently  visited  a  steel  plant 
where  a  mass  of  evidence  had  been  accumulated  which  substantiated  this 
fact,  and  the  superintendent  was  emphatic  in  stating  that  high  sulphur 
was  not  harmful  provided  the  steel  was  not  otherwise  poor  due  to 
insufficient  reduction  in  the  blast  furnace. 

The  presence  of  a  moderate  amoimt  of  sulphur  is  desirable  from  the 
standpoint  of  the  man  who  machines  the  steel.  The  low-sulphur  material 
drags  and  the  production  of  a  smooth  surface  is  very  difficult.  A  slight 
increase  in  sulphur  enables  the  machinist  to  produce  a  smooth  surface 
without  difficulty. 

Since,  therefore,  such  large  quantities  of  steel  are  subjected  to  machin- 
ing, it  becomes  highly  important  that  the  sulphur  controversy  should  be 
settled,  and  if  its  presence  is  proved  to  be  harmless  the  ban  on  it  should 
be  lifted. 

Among  the  recent  papers  on  the  effect  of  sulphur  on  steel  is  one  by 
Dr.  J.  S.  Unger,  Manager  of  the  Central  Research  Bureau,  Carnegie  Steel 

^Assistant  Professor  of  Mining  Engineering  and  Metallurgy,  Massachusetts 
Institute  of  Technology. 
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Co.^  The  results  of  an  exhaustive  series  of  tests  are  given  and  the  con- 
clusion states:  "The  author  does  not  advocate  paying  no  attention  what- 
ever to  sulphur  content  in  steel  but  believes  firmly  that  a  steel  containing 
less  than  0.100  per  cent,  is  not  necessarily  bad,  and  that  it  will  show 
little,  if  any,  difference  in  quality  when  compared  with  the  same  steel 
of  much  lower  sulphur,  other  conditions  being  the  same." 

The  present  investigation  was  undertaken  at  the  suggestion  of  A. 
H.  Annan  of  the  Rhode  Island  Tool  Co.,  who  cooperated  by  furnishing  the 
steel  and  machining  the  specimens.  The  results  are  presented  as  a  con- 
tribution to  the  general  knowledge  on  the  subject. 

Steels  Used 

It  was  planned  to  use  three  steels  of  different  sulphur  content  but  with 
the  other  elements  the  same.  The  manganese  was  an  exception,  how- 
ever, for  with  this  element  part  is  in  the  form  of  MnS  existing  free  in  the 
steel  and  the  remainder  is  dissolved  in  the  steel.  It  is  evident,  there- 
fore, that  the  manganese  should  vary  but  that  the  amount  in  excess  of 
MnS  should  be  constant  in  the  different  steels. 

The  steels  finally  selected  were  in  the  form  of  ^-in.  round  bars. 
Two  bars  of  each  grade  were  required  to  furnish  sufficient  specimens. 
The  analyses  are  shown  in  Table  1. 


Table  1 


Mark 


Carbon, 
Per  Cent. 


Total 

Manganese, 

Per  Cent. 


Excess 

Manganese, 

Per  Cent. 


Phosphorus,    Silicon,  Per 
Per  Cent.    I        Cent. 


Sulphur.  Per 
Cent. 


1 

0.18 

0.55 

0.48 

0.007 

0.01 

0.038 

lA 

0.18 

0.57 

0.60 

0.009 

0.02 

0.041 

2 

0.17 

0.67 

0.52 

0.008 

0.01 

0.086 

2A 

0.18 

0.70 

0.55 

0.010 

0.03 

0.087 

3 

0.18 

0.80 

0.54 

0.006 

0.02 

0.152 

3A 

0.17 

0.80 

0.55 

0.011 

0.03 

0.148 

Heat  Treatment 

In  order  to  make  a  comparison  of  the  steels  under  different  condi- 
tions it  was  decided  to  heat  all  the  specimens  to  a  temperature  just  above 
the  critical  range,  quench  in  water,  and  reheat  different  lots  to  300**, 
400°,  500°  and  600°C.  respectively.  For  this  purpose  the  bars  were  cut 
into  7-in.  lengths,  which  was  sufficient  for  tensile  specimens  and  specimens 
for  microscopic  examination. 

The  furnace  used  is  shown  in  Fig.  1.     The  muffle  is  made  of  alundum 
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and  is  2  in.  high,  9  in.  wide  and  16  in.  long.  It  is  wound  with  No.  15 
excello  resistance  wire. 

In  order  to  obtain  uniform  heating  of  the  specimens,  they  were  sup- 
ported on  an  asbestos  rack,  as  shown.  Asbestos  shields  were  placed  on 
the  sides  and  ends  of  the  rack  bo  that  the  specimens  were  practically  in 
a  mufBe  within   a  mufBe. 

A  platinum  platinum-rhodium  thermocouple  weis  introduced  through 
the  back  of  the  mufSe  into  the  center  of  the  heating  chamber  and  con- 
nected to  a  Siemens  and  Halske  recording  galvanometer. 


Fio.  1. — Heat-Treatubnt  Furnace. 

The  procedure  in  heat  treatment  was  as  follows:  The  furnace  was 
heated  to  880"  C.  and  nine  specimens  introduced.  This  caused  the  tem- 
perature to  fall  to  550°  C.  and  it  took  about  40  min.  to  again  reach  880°. 
When  the  latter  temperature  was  reached  it  was  maintained  constant 
for  15  min.,  after  which  the  specimens,  except  as  noted  below,  were 
quenched  in  water  and  a  new  lot  introduced  into  the  furnace.  This 
was  continued  until  all  but  18  of  the  specimens  had  been  treated.  Nine 
of  these,  consisting  of  three  high-,  three  medium-  and  three  low-sulphur 
steels,  were  removed  from  the  furnace  and  allowed  to  cool  in  air.     The 
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Table  2 


No.       Mark 

1  lA 

2  lA 

3  lA 
Average 

4  2A 
6         2A 

6  2A 
Average 

7  3A 

8  3A 

9  3A 
Average 

10  lA 

11  lA 

12  lA 
Average 

13  2A 

14  2A 

15  2A 
Average 

16  3A 

17  3A 

18  3A 
Average , 

10         lA 

20  lA 

21  lA 
Average 

22  2A 

23  2A 

24  2A 
Average 

25  3A 

26  3A 

27  3A 
Average 

301  1 

302  1 

303  1 
Average 

304  2 

305  2 
•  306  2 
Average , 

307  3 

308  3 
300       3 

Average 

401  1 

402  1 

403  1 
Average 

404  2 

405  2 

406  2 
Average 

407  3 

408  3 
400       3 

Average 

601       1 

502  1 

503  1 
Average 

504  2 

505  2 

506  2 
Average 

507  3 

508  3 
500       3 

Average 

601  1 

602  1 

603  1 
Average 

604  2A 

605  2A 

606  2A 
Average 

607  3 

608  3 

609  3 
Average 


Heated  to  880^  C.  and  quenched  in  ice  water. 
Heated  to  880°  C.  and  quenched  in  ice  water. 
Heated  to  880°  C.  and  quenched  in  ice- water. 


Heated  to  880°  C. 
Heated  to  880°  C. 
Heated  to  880°  C. 


and  quenched  in  ice  water, 
and  quenched  in  ice  water, 
and  quenched  in  ice  water. 


Heated  to  880°  C.  and  quenched  in  ice  water. 
Heated  to  880°  C.  and  quenched  in  ice  water. 
Heated  to  880°  C.  and  quenched  in  ice  water. 


Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 


Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 


Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 


Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 


Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 


Heated  to  880°  and  cooled  in  furnace . 
Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  300°. 
Reheated  to  300°. 
Reheated  to  300°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to 
Reheated  to 
Reheated  to  300°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  300°. 
Reheated  to  300°. 
Reheated  to  300°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  400°. 
Reheated  to  400°. 
Reheated  to  400°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  400°. 
Reheated  to  400°. 
Reheated  to  400°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  400°. 
Reheated  to  400°. 
Reheated  to  400°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  500°. 
Reheated  to  500°. 
Reheated  to  500°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  500°. 
Reheated  to  500°. 
Reheated  to  500°. 


Quenched  at  880°, 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  500°. 
Reheated  to  500°. 
Reheated  to  500°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  600°. 
Reheated  to  600°. 
Reheated  to  600°. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  600°. 
Reheated  to  600°. 
Reheated  to  600°. 


Quenched  at  8S0* 
Quenched  at  880*^ 
Quenched  at  880" 


Reheated  to  600°. 
Reheated  to  600°. 
Reheated  to  600°. 


Yield 

Breaking 

tion.  Per 

Cent,  in  2 

In. 

Point,  Lb. 
per  Sq.  In. 

Load,  Lb. 
per  Sq.  In. 

58.500 

86.250 

23.0 

58.000 

85,250 

23.5 

57,250 

85.500 

23.5 

57,000 

85.600 

23.3 

53,000 

70,750 

26.0 

56.250 

77,000 

29.5 

51,500 

76,250 

27.5  , 

53,600 

77,700 

27.7 

56.500 

84,250 

22.0 

79,250  • 

80,250 

22.5 

67,300 

84,500 

22.0 

56.000 

86,000 

22.2 

41,000 

58.500 

41.0 

46.750 

58,500 

41.5 

41,750 

58,250 

41.5 

43,150 

58,400 

41.3 

45.750 

58,000 

41.0 

46.250 

58,000 

40.5 

30,750* 

58,000 

41.5 

46.000 

58,000 

41.3  ' 

40.000 

50,500 

38.0 

41.500 

60,500 

39.5 

46.250 

50,250 

30.5 

42.600 

60.400 

39.0 

38.000 

52,500 

40.5 

37.750 

62,750 

40.5 

33.750 

62,500 

40.0 

36,500 

62,600 

40.3 

37,000 

53,000 

40.0 

38,750 

63,000 

40.0 

34.500 

53.000 

41.0 

36.750 

53.000 

40.3 

37.500 

55,000 

37.5 

35.500 

55,000 

38.5 

32.250 

55,000 

38.0 

35.080 

55,000 

38.0 

53.750 

76.000 

25.5  1 

58,000 

76,000 

26.0 

56.000 

75,000 

28.0 

55,000 

75.700 

26.5 

57,500 

73.260 

28.5  1 

61.250 

78,000 

26.5 

50,750 

73,750 

25.0 

50,500 

75,000 

26.7  ; 

57,000 

80,250 

23.5  < 

56.500 

83,000 

21.5  1 

50.000 

85,000 

19.5 

57,500 

82,750 

21.5 

63,750 

76,500 

28.5 

58.500 

76,000 

29.5 

58,750 

76,450  . 

28.5 

60,300 

76,300 

28.8 

62.760 

75.000 

26.5 

63.750 

80,000 

24.0 

61.250 

74,750 

28.5 

62.600 

76,600 

26.3 

64,000 

84,000 

21.5 

62,000 

82.750 

21.5 

61.250 

82,760 

24.0 

62,400 

83.150 

22.3 

55,250 

70,750 

33.5 

58,250 

73,250 

31.5 

57,500 

74,000 

31.0 

57,000 

72,660 

32.0 

60,750 

73,250 

29.0 

61.250 

74,000 

32.0 

57.000 

72,500 

26.0 

50,650 

73,250 

29.0 

61,500 

78,760 

26.0 

60.500 

77,600 

26.0 

60,750 

77,750 

26.0 

60.000 

78,000 

26.0 

53.500 

60.250 

35.0 

51.000 

67,750 

35.0 

52.000 

69,500 

32.5 

52,150 

68,850 

34.2 

54,500 

70,500 

35.5 

52.500 

72,000 

32.5 

53,750 

70,750 

31.0 

53,550 

71,100 

33.0 

55,000 

74.250 

81.0 

55.000 

73.750 

80.5 

55,500 

75,750 

30.0 

55.150 

74,600 

30.5 

Redac- 
tion of 
Area.  Per 
Cent. 


64.7 


.4 
.4 

.1 
,3 
.4 


.0 
.0 


62 

62 

63 

69. 

71 

69.3 

70.0 

50 

50 

62.4 

60.7 

67.0 

69.3 

67.0 

67.8 

67.0 

69.3 

69.3 

68.5 

62.4 

64.7 

64.7 

63.9 

62.4 

64.7 

62.4 

63.2 

62.4 

62.4 

59.9 

61.6 

59.9 

59.9 

69.3" 

63.0 

69.3 

69.3 

71.4 

70.0 

71.4 

71.4 

71.4 

71.4 

62.4 

59.9 

59.9 

60.7 

71.4 

73.6 

71.4 

72.1 

69.3 

69.3 

71.4 

70.0 

62.4 

62.4 

62.4 

62.4 

73.5 

73.5 

73.5 

73.5 

71.4 

71.4 

71,4 

71.4 

67.0 

67.0 

67.0 

67.0 


5 
5 
5 
5 
5 


75 

75 

75 

75 

73 

73.5 

73.5 

73.5 

71.4 

71.4 

60. S 

70.7 


?  Results  abnormaL     Not  included  in  average. 


CARLE  R.   HAYWARD 


1847 


remaining  nine,  consisting  of  three  of  each  sulphur  content,  were  allowed 
to  cool  in  the  furnace. 

In  drawing  the  quenched  specimens  at  the  various  temperatures,  the 
procedure  was  as  follows:  The  furnace  was  heated  to  600°  C.  and  nine 
specimens  (three  of  each  sulphur  content)  were  introduced.  The  tempera- 
ture fell  and  it  required  about  30  min.  to  come  back  to  600°.  It  was  main- 
tained here  for  10  min.  and  then  the  specimens  were  withdrawn  and 
quenched  in  water.  The  furnace  was  cooled  to  500°  C.  and  another  set 
of  nine  specimens  was  introduced.  When  the  temperature  had  regained 
500°  it  was  maintained  constant  for  10  min.  and  then  the  specimens  were 
withdrawn  and  quenched.  Following  a  similar  procedure,  sets  of  nine 
specimens  were  treated  at  400°  and  300°  C.  respectively. 

Tensile  Tests 

After  sawing  off  ^  in.  from  each  piece  for  microscopic  examination, 
standard  test  specimens  were  prepared  with  2-in.  gage  length,  0.505-in. 
diameter  and  threaded  ends.  These  were  pulled  in  an  Olsen  machine 
in  the  testing  laboratory  of  the  Massachusetts  Institute  of  Technology. 

The  results  obtained  are  given  in  Table  2. 

For  more  ready  comparison,  the  averages  are  retabulated  in  Table  3. 

The  designations  L,  M  and  H  refer  to  low,  medium  and  high  sulphur 

content. 

Table  3 


Yield  J  BreakinK 
Point,  I  Load,  Lb. 
Lb.  ppr       per  Sq. 


Sq.  In. 


In. 


Elongntion, 
Per  Cent, 
in  2   In. 


Reduction 

of  Area, 

Per  Cent. 


L    Heated  to  860^  C.  and  quenched  in  ice  water 

M  Heated  to  860"  C.  and  quenched  in  ice  water 

H    Heated  to  860"  C.  and  quenched  in  ice  water 

67,900 
53,600 
56,900 

85,600 
77,700 
86,000 

23.5 
27.7 
22.0 

63.1 
70.0 
60.7 

L    Heated  to  860°  C.  and  cooled  in  still  air 

43,200 
46.000 

68.400 
68.000 
69,400 

41.5       '        67.8 

Af  Heated  to  860"  C.  and  cooled  in  atill  uir 

41.3               68.6 

H    Heated  to  860"  C.  and  cooled  in  still  air 

42,600 

39.0              63  9 

L    Heated  to  860"  C.  and  cooled  in  furnace 

36.  SCO 
36.800 
36.100 

62,600 
63,000 
56,000 

40 . 6              63 . 2 

M  Heated  to  860"  C.  and  cooled  in  furnace 

40.3               61.6 

H   Heated  to  860"  C.  and  cooled  in  furnace 

38 . 0              63 . 0 

L    Quenched  at  860"  in  ice  water.     Reheated  to  300".. . 
M  Quenched  at  S60"  in  ice  water.     Reheated  to  300". . . 
H   Quenched  at  860"  in  ice  water.     Reheated  to  300".. . 

55.900 
59.500 
57.500 

75,700 
75.000 
82.760 

26.5  1       70.0 
26.7       1       71.4 

21.6  i       60.7 

L    Quenched  at  860"  in  ice  water.     Reheated  to  400°. . .  1    60.300 
M  Quenched  at  860"  in  ice  water.     Reheated  to  400°. . ,      62.600 
H   Quenched  at  860"  in  ice  water.     Reheated  to  400°. . .     62,400 

76,300 
76,600 
83.200 

28.8 
26.3 
22.3 

72.1 
70.0 
62.4 

L    Quenched  at  860°  in  ice  water.     Reheated  to  500". . . 
M  Quenched  at  860"  in  ice  water.     Reheated  to  500". . . 
H   Quenched  at  860"  in  ice  water.     Reheated  to  500".. . 

57,000 
69.700 
60,900 

72,700 
73.300 
78,000 

32.0 
29.0 
26.0 

73.6 
71.8 
67.0 

L    Quenched  at  860"  in  ice  water.     Reheated  to  600".. . 
M  Quenched  at  860"  in  ice  water.     Reheated  to  600".. . 
U   Quenched  at  860°  in  ice  water.     Reheated  to  600°.. . 

52,200 
53.000 
55.200 

68,800 
71,100 
74,600 

34.2 
33.0 
30.5 

75.5 
73.5 
70.7 

There  is  not  sufficient  variation  in  the  results  to  make  an  effective 
plot,  but  Table  4  summarizes  the  figures  by  giving  the  order  in  which 
they  occur  from  high  to  low. 
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Table  4 


Yield  Point 

Breaking  Load 

Elongation 

Reduction  of 
Area 

L 

M 

H 

L 

M 

F 

L 

M 

H 

L 

M       H 

Quenched  in  ice  water. . 

Cooled  in  still  air 

Cooled  in  furnace 

Reheated  to  300'' 

Reheated  to  400"* 

Reheated  to  500"* 

Reheated  to  600^ 

1 

2 
2 
3 
3 
3 
3 

3 
1 

1 
1 
1 
2 
2 

2 
3 
3 
2 
2 
1 
1 

2 
2 
3 
2 
3 
3 
3 

3 
3 
2 
3 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 

3 
1 

1 

3 

1 
1 
1 

1 
2 
2 
1 
2 
2 
2 

1 
2 
3 
3 
2 
3 
3 
3 

3 
2 
2 
3 
1 
1 
1 

1 

1 
1 

3 

1 
2 
2 
2 

2 
3 

1 
2 
3 
3 
3 

Totals 

17 

11 

14 

18 

17 

7 

11 

12 

19 

13 

12      17 

Order  of  totals 

3 

1 

2 

3 

2 

1 

1 

2 

3'     2 

1 

1 

3 

Photomicrographs 

One  specimen  from  each  set  was  polished,  etched  in  a  solution  of 
10  per  cent.  HNOs  in  alcohol  and  examined  imder  the  microscope.  The 
photographs  show  a  representative  spot  on  each  specimen  magnified 
300  diameters. 

The  specimens  were  studied  at  higher  magnifications  than  those  given 
in  the  micrographs,  but  no  further  information  was  obtained.  The  lower 
magnifications  gave  a  better  idea  of  the  geperal  structure  and,  therefore, 
only  these  were  reproduced  in  the  paper. 


Shock  Testa 

After  concluding  the  tensile  tests,  it  was  thought  desirable  to  deter- 
mine the  effect  of  varying  sulphur  content  on  specimens  subjected  to 
shock. 

Through  the  kindness  of  the  testing  department  of  the  Watertown 
Arsenal,  the  use  of  their  Charpy  machine  was  obtained  for  this  purpose. 

The  remaining  ^-in.  stock  of  bars  marked  1,  2  and  3  was  sawed  into 
2-in.  lengths  and  the  specimens  subjected  to  heat  treatment  in  sets  of 
three  imder  the  same  conditions  that  obtained  in  the  case  of  the  tensUe 
specimens.  After  heat  treatment,  the  specimens  were  machined  to 
conform  to  the  following  specifications: 

Length  55  mm.,  cross-section  10  by  10  mm.,  notch  across  one  side, 
midway  between  the  ends,  1  mm.  wide.    Radius  of  cutter  edge,  %  mm. 

The  Charpy  machine  consists  of  a  heavy  pendulum  which  drops 
from  a  fixed  height,  strikes  the  specimen  supported  at  each  end  and  breaks 
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Table  5 


Treatment 


Heated  to  480^  and  quenched  in  cold  water. 
Heated  to  480^  and  quenched  in  cold  water. 
Heated  to  48(P  and  quenched  in  cold  water. 

Heated  to  480"  and  quenched  in  cold  water. 
Heated  to  480"  and  quenched  in  cold  water. 
Heated  to  480"  and  quenched  in  cold  water. 

Heated  to  480"  and  quenched  in  cold  water. 
Heated  to  480"  and  quenched  in  cold  water. 
Heated  to  480"  and  quenched  in  cold  water. 


Heated  to  480"  and  cooled  in  etill  air. 
Heated  to  480"  and  cooled  in  still  air. 
Heated  to  480"  and  oooled  in  still  air. 

Heated  to  480"  and  cooled  in  still  air. 
Heated  to  480^  and  cooled  in  still  air. 
Heated  to  480"  and  cooled  in  still  air. 

Heated  to  480"  and  cooled  in  still  air. 
Heated  to  4S0"  and  oooled  in  still  air. 
Heated  to  480"  and  oooled  in  still  air. 

Heated  to  480"  and  cooled  in  furnace. 
Heated  to  480^  and  cooled  in  furnace. 
Heated  to  480"  and  cooled  in  furnace. 

Heated  to  480^  and  cooled  in  furnace . 
Heated  to  480"  and  cooled  in  furnace. 
Heated  to  480"  and  cooled  in  furnace. 

Heated  to  480"  and  cooled  in  furnace . 
Heated  to  480"  and  cooled  in  furnace. 
Heated  to  480"  and  cooled  in  furnace . 


Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

tuenched  at  480". 
juenched  at  480". 
juenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

kuenched  at  480". 

uenched  at  480". 

iuenehed  at  480". 

luenched  at  480". 
[uenched  at  480". 
luenched  at  480". 

luenched  at  480". 
luenched  at  480". 
luenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

|uenohed  at  480". 
juenched  at  480". 
[uenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

luenched  at  480". 
juenched  at  480". 
luenched  at  480". 


Reheated  to  300". 
Reheated  to  300". 
Reheated  to  300". 

Reheated  to  300". 
Reheated  to  300". 
Reheated  to  300". 

Reheated  to  300". 
Reheated  to  300". 
Reheated  to  300". 

Reheated  to  400". 
Reheated  to  400''. 
Reheated  to  400°. 

Reheated  to  400". 
Reheated  to  400". 
Reheated  to  400''. 

Reheated  to  400°. 
Reheated  to  400°. 
Reheated  to  400°. 

Reheated  to  500°. 
Reheated  to  500°. 
Reheated  to  500°. 

Reheated  to  500°. 
Reheated  to  500°. 
Reheated  to  500°. 

Reheated  to  500°. 
Reheated  to  500°. 
Reheated  to  500°. 

Reheated  to  600°. 
Reheated  to  600°. 
Reheated  to  600°. 

Reheated  to  600". 
Reheated  to  6G0". 
Reheated  to  600°. 

Reheated  to  600°. 
Reheated  to  600°. 
Reheated  to  600". 


No. 


1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

301 
302 
303 

304 
305 
306 

307 
308 
309 

401 
402 
403 

404 
405 
406 

407 
408 
409 

501 
502 
503 

504 
505 
506 

507 
5C8 
509 

601 
602 
603 

604 

6C5 
606 

494 
502 
521 


Mark 


Breaking 
Shock,  Ft.- 
Lb.  per  Sq. 
In. 


Average 


lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 

2A 
2A 

3A 
3A 
3A 


494 
545 
640 

523 
488 
542 

432 
507 
470 

366" 

460 

452 

612 
621 
524 

418 
398 
433 

258 
284 
295 

353 
357 
259" 

283 
256 
279 

633 

447" 

578 

562 
637 
530 

462 
422 
434 

613 
697 
582 

640 
541 
656 

474 
447 
429 

439" 

694 

670 

560 
572 
552 

405 
456 
469 

726 
728 
726 

584 
604 
602 

494 
502 
521 


526 


618 


470 


466 


619 


416 


279 


365 


273 


606 


643 


439 


697 


646 


450 


682 


661 


473 


727 


697 


606 


*  Abnormal.     Not  included  in  average. 
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it  at  the  notch.  The  pendulum  then  continues  its  swing  and  the  height 
it  reaches  is  registered.  Knowing  the  weight  of  the  pendulum,  the  height 
it  falls  and  the  height  it  rises,  a  simple  calculation  gives  the  energy  con- 
sumed in  breaking  the  specimen. 

The  results  obtained  are  given  in  Table  5. 

Conclusions 

Table  4,  which  expresses  the  summary  of  the  tensile  tests,  shows  that 
the  high-sulphur  steel  has  for  each  treatment  the  highest  breaking  load 
while  the  yield  point  ranks  first  for  two  treatments,  second  for  three  and 
third  for  two.  From  this  we  may  conclude  that  the  sulphur  does  not 
lower  the  tensile  strength. 

The  figures  for  elongation  and  reduction  of  area  show  that  there  is 
little  difference  in  ductility  between  the  low-  and  medium-sulphur 
steels,  but  the  ductility  of  the  high-sulphur  steel  is  slightly  lower  than  the 
other  two  for  most  of  the  treatments. 

The  average  figures  for  the  shock  tests,  except  for  the  air-  and  furnace- 
cooled  specimens,  are  highest  for  each  treatment  in  the  case  of  the  low- 
sulphur  steels  and  lowest  for  each  treatment  for  the  high-sulphur  steels. 
The  widest  difference  appears  in  the  steels  which  have  been  quenched  and 
reheated. 

It  is  difficult  to  draw  definite  conclusions  from  the  results  because  of 
the  newness  of  the  shock  test  and  the  difference  of  opinion  among  engi- 
neers regarding  its  value.  The  tensile  tests  are  not  imfavorable  to  steels 
with  moderate  amounts  of  sulphur,  while  the  shock  tests  show  a  decided 
falling  off  in  strength  as  the  sulphur  increases.  Until  the  interpretation 
of  the  results  from  the  Charpy  machine  is  more  fully  understood,  it  is 
impossible  to  say  to  which  set  of  tests  the  most  importance  should  be 
attached. 

Further  light  might  be  thrown  on  the  subject  by  making  alternate  stress 
or  fatigue  tests.  It  would  be  important  to  learn  whether  the  results 
would  confirm  the  tensile  or  shock  tests.  Unfortunately,  however,  the 
stock  of  steels  used  in  the  previous  work  was  exhausted,  and  whatever 
the  results  of  the  fatigue  tests  there  would  be  an  imcertainty  in  their 
interpretation  because  of  difference  in  stock.  It  was,  therefore,  decided 
not  to  include  this  series  in  the  present  investigation. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prfleented  in  person  at  the 
New  York  meeting,  February,  1917,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers.  20  West 
89th  Street^  New  York,  N.'  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  April  1, 1917.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Recrystallization  after  Plastic  Deformation 

BT  HENRT  M.    HOWE,   LL.   D.,*  BEDFORD   HILLS,   N.   T. 
(New  York  Meeting,  February,  1917) 

This  paper  is  a  discussion  of  the  extremely  valuable  one  of  Mathewson 
and  Phillips,  The  Recrystallization  of  Cold- Worked  Alpha  Brass  on 
Annealing,^  which  not  only  gives  us  a  wealth  of  important  data  reached 
with  great  intelligence,  but  also  shows  both  uncommon  powers  of  imagi- 
nation and  a  perfectly  fair  spirit. 

Let  me  try  to  analyze  some  of  their  results,  and  to  enunciate  some  of 
the  laws  to  which  these  results  point.  For  brevity  I  refer  to  them  as 
"The  Authors."    The  page  numbers  in  parentheses  refer  to  their  paper. 

1.  The  Visible  Aspects  of  Recrystallization. — Plastic  deformation  in 
a  single  direction,  as  in  cold-rolling,  draws  the  grains  out  in  that  direc- 
tion, that  is,  inequiaxes  them,  without  destroying  their  apparent  indi- 
viduality. Each  grain  seems  to  endure  the  drawing  out  without  chang- 
ing either  its  volume  or  its  orientation  materially,  for  the  etching  tint  of 
each  grain  seems  to  be  as  uniform  after  as  before  the  drawing  out,  save 
for  the  "etch  bands," ^  shown  in  Figs.  A  to  D  of  the  Authors'  Plate  I. 

As  the  drawn-out  metal  is  heated  progressively,  on  reaching  a  certain 
"disintegration  temperature"  these  old  grains  seem  to  break  up,  probably 
into  submicroscopic  fragments,  and  this  apparent  disintegration  is  fol- 
lowed by  a  coalescence  of  these  fragments,  so  that  their  number  decreases 
and  their  size  increases,  till  they  may  become  very  much  coarser  than 
before  the  drawing  out.  Ruder'  coarsened  the  grains  of  silicon  steel  in 
this  way  till  single  grains  reached  an  area  of  50  cm.  (7.75  sq.  in.). 

The  deformation  itself  probably  breaks  each  grain  up  into  many  very 
small  fragments,  but  the  fact  that  each  grain  continues  to  have  a  uniform 
etching  tint  different  from  that  of  its  neighbors  indicates  that  these 
fragments  retain  the  initial  common  orientation  of  the  grain.  The 
apparent  disintegration  which  we  observe,  then,  is  rather  an  abandon- 
ment of  community  of  orientation  for  individuality  of  orientation, 
by  the  fragments  formed  earlier  during  the  deformation.     Hence  we 

♦  Emeritus  Professor  of  Metallurgy,  Columbia  University. 
1  BvUelin  No.  109,  p.  1  (January,  1916). 

•  Rosenhain  calls  these  "slip  bands,"  and  I  have  called  them  "X  bands,"  to  avoid 
any  preconception  as  to  their  nature  (The  Metallography  of  Steel  and  Cast  Iron,  p.  462). 

»  Trans.,  vol.  47  p.  569. 
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should  speak  rather  of  a  ''reorientation"  than  of  a  ''disintegration'' 
temperature.  The  reorientation  and  regrowth  may  jointly  be  called 
"  recrystallization. " 

The  recrystallization  is  accompanied  by  softening,  that  is  to  say, 
though  the  first  raising  of  the  temperature  after  the  cold-rolling  may 
increase  the  hardening  which  the  cold-rolling  caused,  yet  with  further  rise 
of  temperature  the  hardness  falls  progressively  to  that  of  the  normal 
metal. 

While  the  Authors  would  explain  the  nature  of  disintegration  and 
regrowth,  their  main  objective  seems  to  be  to  trace  the  connection  be- 
tween these  two  processes  and  this  softening. 

2.  Our  natural  conception  of  disintegration  and  grain  growth  I  take  to 
be  that  the  plastic  deformation  itself  breaks  each  grain  up  into  many 
fragments  as  already  pointed  out,  of  which  the  niunber  increases  and  the 
size  decreases  as  the  deformation  increases;  that  each  fragment  retains 
for  the  time  the  initial  orientation  of  the  grain  from  which  it  is  broken, 
as  is  shown  by  the  uniform  etching  tint  of  all  these  fragments  of  a  given 
grain;  but  that  each  is  sheathed  completely  with  metal  made  amorphous 
by  the  friction  during  the  act  of  deformation.  This  amorphous  metal 
cements  the  whole  together.  On  this  hypothesis  when  the  deformed 
metal  is  heated,  five  distinct  changes  occur  side  by  side,  though  not 
necessarily  simultaneously  or  in  any  fixed  proportion  to  each  other. 
These  are,  first,  a  progressive  reabsorption  of  the  amorphous  sheaths  by 
the  crystalline  fragments  which  they  inclose;  second,  a  suspected  pro- 
gressive but  undescribed  change  in  the  condition  of  so  much  of  these 
sheaths  as  has  not  yet  become  reabsorbed,  or  of  the  crystalline  grain 
fragments  thus  sheathed,  or  of  both;  third,  an  apparent  disintegration  of 
the  initial  grains,  which  is  really  only  a  reorientation  of  the  grain  frag- 
ments already  formed;  fourth,  their  progressive  growth  by  coalescence, 
with  consequent  lessening  of  their  number;  and  fifth,  the  progressive 
release  of  stress  as  the  mobility  increases  and  the  existing  elastic  limit 
falls  correspondingly.  The  first  three  may  be  grouped  together  as 
"recrystallization.''  Let  us  in  (3)  to  (7)  glance  at  the  evidence  that  these 
five  agencies  are  at  work. 

3.  The  reabsorption  of  the  sheaths  with  rising  temperature  is  inferred 
from  the  observation  that,  by  heating  before  etching,  the  etch  bands, 
which  seems  to  represent  an  accumulation  of  this  same  amorphous  metal 
along  the  slipping  planes,  are  made  first  fainter  and  finally  undetectable. 

4.  The  reorientation  of  the  grain  fragments  is  shown  by  the  apparent 
disintegration  which  the  grains  undergo,  for  this  disintegration  means 
only  that  the  several  fragments  of  a  given  grain  cease  to  have  common 
orientation  and  hence  to  etch  alike,  and  instead  adopt  each  a  new  orien- 
tation, so  that  they  etch  differently  and  hence  appear  as  distinct  grains 
or  grain  fragments.     It  is  not  clear  that  this  distinction  between  grains 
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and  grain  fragments  need  be  insisted  upon  in  what  follows,  for  indeed 
each  fragment  seems  for  all  intents  and  purposes  to  be  an  independent 
grain,  once  its  reorientation  has  occurred. 

5.  Grain  Growth, — ^The  progressive  growth  of  the  grain  fragments  is 
familiar  to  all  through  the  coarsening  that  occurs  on  heating  cold-rolled 
or  otherwise  plastically  deformed  metal. 

6.  The  progressive  release  of  stress  could  no  doubt  be  proved  by  noting 
how  much,  after  reheating  to  various  temperatures,  the  specimen  bends 
out  of  shape  spontaneously  on  cutting  away  a  fixed  part  of  it,  so  as  to 
destroy  the  balance  of  internal  stresses  remaining  after  the  initial  cold- 
rolling  itself.  We  may  assume  confidently  that  the  degree  of  this  spon- 
taneous bending  decreases  progressively  as  the  temperature  of  annealing, 
prior  to  cutting  away,  rises. 

7.  A  progressive  change  in  the  condition  of  the  amorphous  sheaths  or  of 
the  crystalline  fragments  is  neither  shown  nor  known.  I  have  inferred 
it  as  a  probable  cause  of  the  perturbations  which  the  cohesion,  as  indi- 
cated by  the  elastic  limit  and  hardness  of  cold-rolled  iron,  both  pure  and 
cementite-bearing  (mild  steel),  undergoes  on  gentle  heating.  On  either 
slight  heating  or  mere  rest  such  iron  may  soften  materially  or  may  harden 
greatly,  according  to  the  intensity  of  the  previous  deformation.* 

8.  In  what  Proportion  is  the  Softening  Cavsed  by  Annealing  due  to  Each 
of  These  Five  Influencest — Though  the  present  evidence  does  not  enable 
us  to  give  a  full  answer  to  this  question,  some  inferences  concerning  it 
may  be  drawn.  Let  us  see,  in  (9)  to  (14),  what  importance  we  are  inclined 
to  assign  each  of  these  five  supposed  agencies. 

9.  Stress. — The  relief  of  stress  is  not  likely  to  cause  a  very  large  frac- 
tion of  the  softening  induced  by  annealing;  first  because  it  is  incompetent 
to  explain  the  great  hardening  and  embrittlement  which  gentle  heating 
causes  in  cold-worked  iron;  and  second  because  the  progress  of  the  soften- 


*  The  Metallography  of  Sled  and  Cast  Iron,  pp.  365  and  452  to  458.  Hie  Authors' 
explanation  {Bidletin  No.  109,  p.  7  (January,  1916))  that  the  strengthening  represents 
the  removal  of  stress  is  not  competent  to  explain  either  the  tripling  of  the  hardness 
which,  as  1  find,  mere  rest  after  deformation  may  cause,  or  the  simultaneous  great 
loss  of  ductility.  Thus  Stromeyer  (Journal  of  the  Iron  and  Steel  InBtUtUe,  vol .  75,  No. 
3,  p.  92  (1907))  finds  that  the  ability  of  the  outer  surface  of  a  nicked  test-piece  to 
elongate  before  rupture  may  fall  from  60  per  cent,  to  6  per  cent,  on  long  rest,  and  in  one 
case  to  6  and  in  another  even  to  3  per  cent,  on  heating  to  100^  for  15  min.  Nor  can 
we  accept  the  explanation  (Gulliver,  Journal  of  the  Institute  of  Metals,  No.  2,  p.  220 
(1909))  that  this  hardening,  strengthening,  and  embrittlement  represent  "a  change 
from  the  instable  FetC,  present  in  commercial  steels,  to  the  stable  FesC,"  because  I 
find  that  practically  carbonless  steel,  with  only  0.01  per  cent,  of  carbon,  hardens  like 
and  perhaps  even  more  than  common  mild  steel  of  0.147  per  cent,  of  carbon,  on  heating 
to  100'  after  plastic  deformation  (op.  cit,,  p.  365).  This  strengthening  and  hardening 
which  slight  heating  causes  so  markedly  in  iron  occur  only  in  a  slight  degree  in  brass, 
as  is  shown  concordantly  by  the  results  of  Bengough  and  the  Authors  (pp.  3  and  6). 
Indeed  it  is  so  slight  as  to  have  been  overlooked  by  Grard  (p.  3). 
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ing,  both  absolute  and  relative,  in  the  Authors'  results  is  not  such 
would  be  expected  to  be  caused  by  stress-relief.  Thus,  on  the  theory  that 
stress-relief  is  the  chief  cause  of  the  softening,  it  is  hard  to  see  why  a 
progressive  increase  in  the  degree  of  cold-roUing  should  lead  either  to 
the  progressive  and  marked  lowering  of  the  temperature  of  most  rapid 
softening,  or  to  the  marked  narrowing  of  the  temperature  range  in  which 
most  of  this  softening  occurs,  as  recorded  by  the  Authors  (Fig.  3),  or 
why,  after  8  per  cent,  reduction  by  rolling,  the  softening  should  be  only 
1.4  units  between  350^  and  450°,  yet  should  rise  to  2.1  imits  between  450** 
and  550°  and  to  2.5  between  550°  and  650°  (Table  IV). 

10.  Reorientation  or  Disintegration. — If  we  are  right  in  conceiving  that 
visible  disintegration  represents  the  breaking  away  from  the  initial  orien- 
tation and  substituting  a  new  one  in  each  of  the  several  grain  fragments 
which  thereby  become  visible,  then  before  any  large  fraction  of  the  frag- 
ments have  thus  changed,  the  change  should  become  visible,  substituting 
in  the  earUest  of  the  reorienting  grains  finer  uniformly  etching  areas 
for  the  initial  coarser  ones.  On  this  conception,  disintegration  is  not 
likely  to  be  the  chief  cause  of  the  softening,  because  after  the  Authors'  4 
and  12  per  cent,  reductions  more  than  one-third  of  the  total  soften- 
ing occurs  from  100°  to  200°  before  the  reorientation  becomes  visible 
(Table  IV). 

Again,  it  is  hard  to  reconcile  the  belief  that  most  of  the  softening  is 
due  to  reorientation  with  the  fact  that,  after  their  35  per  cent,  reduction, 
80  per  cent,  of  the  total  softening  occurs  after  reorientation  has  become 
visible,  and  successive  softenings  each  of  about  10  per  cent,  of  the  total 
are  found  at  temperatures,  200°,  300°,  and  even  400°  higher,  though  the 
micrographs  suggest  no  such  temperatiu*e-distribution  of  the  reorienta- 
tion. 

11.  Grain  Growth. — If  we  conceive,  as  seems  reasonable,  that  the 
grain  fragments  cannot  coalesce  with  each  other  to  any  important  degree 
before  they  reorient  themselves  and  thereby  cause  visible  disintegration, 
then  the  great  softening  which,  after  the  4  per  cent,  and  8  per  cent, 
reductions,  precedes  visible  reorientation,  cannot  be  referred  to  grain 
growth.  This  disinclines  us  to  refer  the  softening  as  a  whole  chiefly  to 
grain  growth,  in  spite  of  the  very  great  softening  that  accompanies  the 
replacement  of  finer  by  coarser-grained  gold  in  the  important  experiments 
of  Fahrenwald,*  a  softening  so  great  that  we  hesitate  to  refer  it  solely 
to  difference  in  grain  size.     The  Authors  clearly  share  this  belief  (p.  31). 

Another  indication  that  grain  growth  is  not  the  chief  cause  of  the 
softening  is  the  discordance  between  the  cmves  of  grain  size  and  of 
hardness  in  Fig.  4.  To  judge  from  Plate  XI  there  is  a  great  retardation 
of  grain  growth  from  the  350°-450°  to  the  450°-550°  range,  and  Fig.  4 


» BuUelin,  No.  109,  p.  122  (January,  1916). 
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tells  us  that  there  is  such  a  retardation  from  the  450^-550®  to  the  550**- 
650^  range,  yet  in  passing  these  ranges  the  softening  undergoes  no  corre- 
sponding retardation,  nor  does  the  tensile  weakening. 

12.  Reabaorption  of  the  Amorphous  Sheaths. — Thin  as  these  sheaths 
seem  to  be,  if  we  refer  to  them  the  great  hardening  that  cold  work  is 
capable  of  giving  we  must  infer  that  their  total  volume  forms  a  very 
appreciable  fraction  of  the  whole  mass,  an  inference  which  is  the  more 
probable  in  view  of  the  marked  changes  which  cold  work  causes  in  the 
solution  pressure,  density,  and  other  physical  properties  of  the  mass  as  a 
whole. 

It  is  reasonable  to  hold  that  this  amorphous  metal  is  harder  than 
the  crystalline,  because  it  lacks  the  cleavages  and  partings  which  en- 
feeble every  crystalline  mass.  Hence  its  progressive  reabsorption  on 
heating  and  rest  would  itself  naturally  cause  a  corresponding  softening 
of  the  mass  as  a  whole.  It  may  be  that  the  rate  of  reabsorption  of 
this  amorphous  metal  on  heating  and  rest  varies  in  such  a  way  as  to 
contribute  greatly  to  the  variations  observed  in  the  rate  of  softening  of 
the  whole  mass. 

13.  Change  of  Condition  of  the  Amorphous  Sheaths  or  of  the  Crystalline 
Fragments  which  they  Inclose, — The  great  hardening,  strengthening,  and 
embrittlement  which  pure  iron  undergoes  on  rest  or  on  slight  heating  after 
cold  deformation  are  not  readily  referred  to  any  of  the  four  agencies 
which  we  have  just  considered  in  (9)  to  (12).  In  order  to  explain  them  I 
attempt  to  refer  them  to  unknown  changes  in  the  nature  of  either  the 
amorphous  sheaths  or  crystalline  fragments  which  they  inclose,  or  both. 
If  we  grant  that  either  or  both  these  agencies  are  capable  of  causing  these 
very  striking  changes,  we  naturally  infer  that  they  may  also  contribute 
to  a  very  important  degree  to  the  softening  which  follows  this  hardening 
in  iron  on  higher  heating,  and  occurs  without  prominent  hardening  in  the 
other  metals. 

14.  To  sum  up,  stress-relief  and  grain  growth  are  not  likely  to  con- 
tribute greatly  to  the  softening  caused  by  heating  overstrained  metal. 
Reorientation  may  contribute  greatly,  but  it  is  not  likely  to  be  the  chief 
cause.  The  reabsorption  of  the  amorphous  sheaths  inclosing  the  grain 
fragments,  and  a  progressive  change  in  the  condition  of  those  sheaths  of 
the  crystalline  metal  in  those  fragments,  are  possible  important  causes. 
Beyond  this  preliminary  speculation  the  present  data  do  not  justify  our 
going. 

It  is  probable  that  at  least  two  agencies  are  at  work,  with  effects 
which  differ  greatly,  because,  in  the  case  of  iron,  rest  and  gentle  heating, 
while  effacing  one  of  the  effects  of  the  cold  work,  the  etch  bands, 
simultaneously  increase  another  and  simultaneous  effect  of  that  same 
cold  work,  the  hardening  which  it  causes. 

15.  Correspondence   between    the    AvJthors^    Conjectured   Progress    of 
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RecryalaUizatum  and  Their  Obaerved  Progress  of  SoflffjUTig. — First  we  must 
underataQd  the  Authore'  term  "  f ragmental  resolution,"  for  which  I 
venture  to  suggest  "limiting  grain  size."  They  hold  that,  for  each 
temperature,  there  is  a  certain  "  limiting  gr^n  size,"  "limiting"  in 
the  sense  that  all  grain  or  grain  fragments  which  are  smaller  than  it 
start  to  grow  toward  it,  but  cannot  grow  beyond  it,  nor  can  grains  of 
this  or  any  greater  size  grow  at  this  temperature.  As  far  as  I  under- 
stand "fragmental  resolution,"  it  means  this  "limiting  grain  Biae,"  a 
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term  which  I  ofEer  reluctantly  and  only  because  I  find  "fragmental  reso- 
lution" confusing. 

The  Authors  give  in  their  Fig.  2  a  most  interesting  generahzation  from 
their  hypothesis.  This,  theu-  conjecture  as  to  the  progress  of  recrystal- 
hzation,  that  is  of  the  return  to  the  crystalline  state  of  the  metal  made 
amorphous  by  the  deformation,  may  perhaps  be  grasped  more  easily  an 
relettered  in  my  Fig.  A.  Here  ordinates  show  what  percentage  of  that 
j)art  of  the  metal  which  has  thus  been  made  amorphous  can  recrystalliie 
in  rising  to  given  temperature  and  staying  there  30  min.  Absciss* 
measure  both  temperature  and  the  hmiting  grain  size  for  given  tempera- 
ture. Far  from  attempting  quantitative  accuracy,  this  sketch  tries  only 
to  show  the  general  family  to  which  the  curves  are  expected  to  belong. 

According  to  this  forecast,  the  preater  the  previous  reduction  by  cold- 
rolling  ha-s  been,  (1)  the  lower  is  the  temperature  at  which  the  curvesleave 
the  horizontal  axis,  that  is  the  temperature  at  which  recrystallisatioD 
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starts,  and  (2)  the  steeper  is  the  beginmng  of  the  curve.  Further  (3), 
whereas  after  severe  deformation  the  curves  are  convex  upward,  after 
slight  deformation  they  are  concave  upward.  Hence  the  curves  for 
great  reductions  form  a  sheaf  of  which  the  top  fans  out  to  the  right, 
whereas  those  of  slight  deformation  form  a  sheaf  of  which  the  bottom  fans 
out  to  the  left. 


Pwce&taee  of  the  Total  Softening  Referable  to  Ae-eryatallizatioo,  on  Heotinff 

to  and  Holding  at  given  Tempenture 
>  S  S  S  8 


i 


Fio.  B, — Observed  Progress  of  Softening  of  Cold-rolled  Brass. 


We  have  no  data  showing  the  true  progress  of  this  recrystallization, 
and  hence  we  cannot  check  their  forecast  as  to  the  relation  of  this  progress 
to  the  temperature  of  annealing.  But  in  my  Fig.  B,  I  attempt  to  check  it 
indirectly  by  showing  how  the  progress  of  that  fraction  of  the  softening 
which  may  be  referred  to  recrystallization  is  related  to  the  annealing 
temperature.  Any  such  attempt  must  be  very  rough,  because  we  do  not 
know  what  fraction  of  the  softening  is  due  to  recrystallization  and  what 
to  grain  growth.  In  view  of  the  relatively  small  effect  of  grain  size  as 
such  on  hardness,  I  assume  that  the  greater  part  of  the  softening  is  due 
to  recrystallization,  and  for  the  purposes  of  this  rough  check  I  aesiune 
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that  the  temperatures  given  in  line  2  of  my  Table  A  are  those  at  which 
recrystallization  becomes  complete,  on  the  ground  that  these  are  the 
ones  at  which  the  softening  is  nearly  complete. 

Because  the  heatings  underlying  their  Table  IV  were  of  30  min., 
because  a  temperature  of  255^  was  needed  in  their  Table  II  to  cause  an 
appreciable  softening  after  40  per  cent,  reduction  in  about  this  time;  and 
because  30  min.  at  200°  caused  a  slight  hardening  after  this  reduction; 
I  set  T**i,  the  temperature  needed  to  cause  the  first  softening,  after  50 
per  cent,  reduction,  at  255°. 

The  curves  of  Fig.  J5,  plotted  on  these  assumptions,  tend  to  support 
the  second  and  third  of  the  Authors'  predictions,  that  the  steepness  of 
the  beginning  of  the  curve  increases  with  the  previous  reduction,  and 
that  the  curves  for  great  reduction  are  convex  upward  whereas  those  for 
light  reductions  are  concave  upward. 

Their  first  contention,  that  the  temperature  at  which  recrystalliza- 
tion starts  is  the  lower  the  greater  the  deformation  has  been,  has  such  good 
direct  experimental  support  that  it  is  to  be  accepted  in  spite  of  its  not 
being  clearly  indicated  by  these  curves.  Note,  for  instance,  that  the 
shape  of  the  8  and  12  per  cent,  reduction  ciu-ves  suggests  that  they  leave 
the  horizontal  axis  at  temperatures  rather  below  than  above  those  of  the 
15  and  25  per  cent,  curves. 

16.  Is  There  an  Equilibrium  Grain  Size  for  Each  Temperaiuret — The 
Authors'  assertion  to  this  effect  (p.  18)  may  well  be  taken  rather  cau- 
tiously in  oiu"  present  ignorance  as  to  the  mechanism  of  grain  growth. 
That  this  growth  accelerates  with  rise  of  temperature,  and  retards  itself 
as  it  proceeds,  seems  clear;  but  that  it  ceases  completely,  so  that  the 
agencies  resisting  coalescence  come  in  time  to  arrest  it  completely,  at 
relatively  high  temperatures,  has  not  yet  been  shown,  I  believe.  A 
marked  retardation  as  the  process  proceeds  would  naturally  occur  on 
almost  any  theory  of  grain  growth,  but  that  need  not  imply  arrest.  If 
it  is  true  as  reported  that  meteorites  often  consist  of  a  single  enormous 
grain,  that  would  indicate  that,  at  least  in  this  case,  if  time  is  almost 
unlimited  coalescence  becomes  almost  unlimited,  and  that  here  the  anti- 
coalescence  agencies  never  become  strong  enough  to  cause  complete 
arrest. 

17.  Certain  Laws  of  Annealing  for  Alpha  Bra^s. — The  Authors'  data 
point  to  the  following  laws: 

(A)  As  the  degree  of  previous  deformation  (cold-rolling)  increases 
from  a  reduction  in  thickness  of  4  per  cent,  to  one  of  40  or  50  per  cent.,* 
(1)  the  temperature  at  which  in  subsequent  heating  reorientation  becomes 
visible  under  a  magnification  of  85  diameters  falls  progressively  from 
650°  to  between  275°  and  300°  (Table  III) ;  (2)  the  temperature  of  most 

*  Both  the  40  per  cent,  maximum  reduction  of  Table  III  and  the  50  per  cent, 
reduction  of  Table  IV  and  Plate  XI  are  correct. 
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rapid  softening  falls  progressively  from  between  550®  and  650®  to  below 
350®  (Table  IV) ;  and  (3)  the  range  of  temperature  in  which  the  greater 
part  of  the  softening  occmTS  becomes  progressively  narrower  (Table  IV).^ 
(J5)  From  this  it  follows  that  the  annealing  temperature  needed  to 
cause  nearly  complete  softening  is  the  lower  the  greater  the  previous 
reduction  has  been,  and  the  longer  the  annealing  period.  For  a  30-min. 
annealing  the  relation  is  about  as  follows: 


Table  A 


1.  Percentage  of  reduction  by  cold-rolling 

2.  Temperature   needed   for   nearly   complete 
softening,  degrees  Centigrade i  750 

3.  Percentage  of  total  softening  at  that  tem-i 
perature I  90 . 4 

4.  Lowest  temperature  of  visible  disintegration  ' 
degrees  Centigrade i  650  j  550 


(C)  The  temperature-range  of  most  rapid  softening  merges  into  a 
higher  range  of  progressively  retarded  further  softening,  which  continues 
in  every  case  even  to  beyond  750®,  suggesting  that  the  softening  is  due 
to  at  least  two  superposed  changes,  of  which  one,  probably  recrystalliza- 
tion,  occurs  rapidly  at  a  relatively  low  temperature — the  lower  and  nar- 
rower the  greater  has  been  the  cold-rolling — and  the  other,  probably  grain 
growth,  is  spread  out. 

(D)  Decrease  on  Heating  of  the  Excess  of  Hardness  Caused  by  Greater 
Deformation, — Here  we  may  leave  out  of  account  the  2  per  cent,  reduc- 
tion, because  its  effects  are  so  slight  compared  with  the  accuracy  of  the 
Shore  method,  and  the  50  per  cent,  reduction  because  this  refers  to  a 
different  alloy. 

The  excess  of  hardness  caused  by  25  per  cent,  reduction  over  that 
caused  by  4  per  cent.,  which  is  14.7  Shore  units  before  annealing,  falls  to 
10.9  units  on  annealing  at  350®  and  to  1.7  units  on  annealing  at  450®. 
We  may  question  whether  this  excess  remains  measurably  great  after 
annealing  at  550®  or  any  higher  temperature,  for  though,  if  we  consider 
the  extreme  cases,  the  4  and  the  25  per  cent,  reductions,  a  slight  excess 
persists  even  on  heating  to  800®,  as  shown  in  line  4  of  Table  B,  yet  for 


^  This  agrees  with  Muir's  observation  that  the  greater  the  hardening  caused  by 
overstrain,  as  shown  by  the  rise  of  the  yield  point  in  steel,  the  lower  is  the  temperature 
at  which  softening  sets  in  (Philosophical  Transactions  of  the  Royal  Society  of  London, 
vol.  193  A,  p.  22,  1900),  and  with  Chappell's  that  the  greater  the  deformation  the 
lower  the  temperature  at  which  the  recrystallization  (disintegration  and  subsequent 
coarsening)  of  overstrained  steel  occurs  {Journal  of  the  Iron  and  Steel  InstittUe,  vol. 
89,  pp.  471,  496,  1914). 
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Table  B 


I 

1.  Annealing  temperature,  degrees  C ,  Unannealed   350 

2.  Hardness  after  25  per  cent,  reduction . .        27 . 4        23 . 6 


450 
13.7 


550 


6501750  800 


11.810.2  8.2  7.8 


3.  Hardness  after  4  per  cent,  reduction...         12.7         12.7  12.010.9'  9.3  8.0  7.5 

4.  Difference,  Shore  units' 


14.7        10.®   1.7 


0.9   0.9!o.2:0.3 


temperatures  above  450^  this  excess  hardly  exceeds  the  limits  of  error. 
Moreover,  if  we  compare  all  five  of  the  reductions,  we  find  great  ano- 
malies. For  instance,  the  specimens  reduced  by  4  per  cent,  are  actually 
reported  as  harder  than  those  reduced  by  either  8  or  12  per  cent.,  after 
the  650^,  760^,  and  800**  annealings  severally. 

Again,  for  each  of  the  four  annealing  temperatures,  550**,  650^,  750®, 
and  800**,  there  are  five  reductions  that  we  are  considering,  those  of  4,  8, 
12,  15  and  25  per  cent.  If  for  each  temperature  we  compare  the  hard- 
ness after  any  one  reduction  with  that  after  the  next  greater  reduction, 
we  have  four  such  comparisons  at  each  temperature,  or  16  for  the  four 
temperatures.  Though  in  eight  of  these  16  cases  the  hardness  given  by 
the  greater  reduction  exceeds  that  given  by  the  less,  yet  in  seven  cases 
the  reverse  is  true,  and  in  the  remaining  case  the  greater  and  the  less 
reduction  give  the  same  hardness. 

(E)  The  Temperature  at  which  Disintegration  First  Becomes  Visible 
may  Suffice  to  Efface  the  Excess  of  Hardness  Given  by  Greater  Redudum. — 
This  refers  to  the  temperature  at  which  the  reorientation  becomed  visible 
under  a  magnification  of  85  diameters.  For  instance,  this  temperature 
is  550**  for  the  reductions  of  8  and  of  12  per  cent.,  and  at  this  temperature 
the  residual  hardness  is  actually  greater  after  the  8  than  after  the  12  per 
cent,  reduction,  though  the  difference  hardly  exceeds  the  limits  of  obser- 
vational error. 

{F)  As  the  temperature  rises,  the  softening  accelerates  greatly  and 
continuously  up  to  a  maximum  rate.  For  instance,  a  softening  amount- 
ing to  3  Shore  units  is  made  6.4  times  as  rapid  by  a  50**  rise,  from  225®  to 
275**,  and  about  1,000  times  as  rapid  by  a  100**  rise  from  226**  to  325** 
(Table  II,  p.  7). 

'  By  a  ''Shore  unit''  is  meant  a  di£Ference  of  1  in  the  unit  place  of  the  Shore  scale, 
hardness  14.3  being  2  units  greater  than  12.3. 
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Calculations  with  Reference  to  the  Use  of  Carbon  in  Modem 

Blast  Furnaces 

Discussion  of  the  paper  of  H.  P.  Howland,  printed  in  Bulletin  No.  Ill,  March,  1016, 
pp.  627  to  650. 

W.  H.  Blauvblt,  Syracuse,  N.  Y.  (communication  to  the  Secre- 
tary*).— I  have  read  Mr.  Rowland's  paper  on  Calculations  with  Reference 
to  the  Use  of  Carbon  in  Modern  American  Blast  Fiunaces  with  much 
interest,  and  believe  that  his  method  of  analysis  of  the  subject  will  be 
of  material  assistance  in  our  study  of  the  action  of  coke  in  the  blast 
furnace. 

Mr.  Howland  quotes  Professor  Bichards'  statement  that  from  the 
standpoint  of  the  generation  of  the  maximum  quantity  of  heat  in  the 
furnace,  Griiner  was  right  in  saying  that  all  the  carbon  burned  in  the 
furnace  should  be  first  oxidized  at  the  tuyferes  to  CO  and  all  reduction  of 
oxides  above  the  tuyeres  should  be  caused  by  CO,  which  thus  becomes 
CO2.  It  is  clear  that  the  maximum  quantity  of  heat  is  generated  in  the 
furnace  when  the  greatest  amount  of  carbon  is  burned  to  COj  irrespective 
of  whether  it  is  burned  at  the  tuyeres  or  further  up  the  furnace.  So  it 
would  appear  that  Grtiner's  theory  is  sound  regarding  the  maximum 
production  of  heat  only  because  if  all. the  carbon  is  burned  to  CO  at  the 
tuyfires.  the  reduction  of  the  ores  will  have  to  be  effected  by  the  further 
oxidation  to  CO2.  Whereas,  if  the  reduction  of  the  ores  is  effected  in 
part  by  solid  carbon,  part  of  this  carbon  might  be  oxidized  only  to  CO, 
resulting  in  a  higher  percentage  of  CO  in  the  escaping  gases  than  from 
Griiner's  "ideal  conditions."  But  in  studying  the  combustion  of  Coke 
in  the  furnace,  it  is  clear  that  the  production  of  the  maximum  quantity 
of  heat  is  not  of  the  first  importance  in  blast-furnace  operation,  or  in  the 
utiUzation  of  the  fuel  charged  into  the  furnace.  To  my  mind  the  pro- 
duction of  a  high  thermal  head  at  the  tuyeres  is  of  the  first  importance, 
and  the  best  coke  is  that  which  reaches  the  tuyferes  in  proper  condition 
to  produce  the  highest  temperature  at  the  tuyeres,  and  in  just  sufficient 
quantity  to  do  the  amount  of  work  required  there  under  the  conditions 
produced  by  this  maximum  temperature.  The  combustion  of  a  much 
larger  amount  of  fuel  at  the  tuyferes,  under  conditions  that  will  fall  short 
of  producing  the  highest  possible  temperature,  cannot  produce  as  good 
results,  either  in  fuel  economy  or  output.  If  this  statement  is  correct, 
does  it  not  correspond  with  Mr.  Rowland's  statement  that  too  much  wind 
is  inimical  to  low  coke  consumption?  Nothing  is  more  fatal  to  obtaining 
the  highest  temperatures  than  an  excess  of  air  for  combustion.  In  the 
blast  furnace  an  excess  of  air  dilutes  and  cools  the  products  of  combus- 

♦  Received  June  30,  1916. 
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tion,  reducing  the  maximum  thermal  head  at  the  tuyeres,  and  the  larger 
volume  carries  the  high-temperature  zone  too  high  in  the  furnace. 

There  has  been  a  great  deal  of  discussion  as  to  what  are  the  qualities 
which  make  the  best  furnace  coke.  The  wider  use  of  the  byproduct  oven 
has  brought  the  control  of  the  coke  closer  to  the  furnace  man,  and  makes 
it  possible  to  modify  its  structure  in  many  ways,  so  that  the  question 
"what  are  the  best  specifications?''  has  become  a  very  live  one.  It 
will  probably  be  generally  admitted  that  furnace  coke  should  be  of  nearly 
uniform  size,  and  many  furnace  managers  are  eUminating  all  coke  below 
%  in.  and  above  4  or  4J^  in.  Also  that  the  best  coke  is  that  which  is 
sufficiently  strong  to  resist  undue  abrasion  and  crumbling  by  attrition 
with  the  stock,  and  of  an  open  porous  structure  that  will  permit  the  most 
rapid  combustion  when  it  reaches  the  tuyeres.  Many  large  users  agree 
that  the  coke  should  never  be  overcoked,  beyond  the  point  of  producing 
a  sufficiently  strong  structure,  as  overcoking  quickly  reduces  the 
combustibiUty. 

If  Griiner's  ideal  gives  the  best  furnace  operation,  we  should  want 
a  coke  that  is  resistant  to  the  oxygen  in  the  ore  but  easily  combustible  at 
the  tuyeres,  which  is  a  contradiction  of  qualities.  If  my  argument  is 
correct,  that  the  furnace  man  wants  the  greatest  thermal  head  at  the 
tuyeres  rather  than  the  production  of  the  greatest  quantity  of  heat  in  the 
furnace  as  a  whole,  then  he  is  willing  to  sacrifice  some  coke  by  solution 
in  the  oxidizing  gases  in  the  upper  part  of  the  furnace,  provided  he  can 
obtain  a  sufficient  quantity  of  coke  at  the  tuyferes,  of  a  quality  that  will 
permit  rapid  combustion  with  the  minimum  amount  of  air,  thereby 
giving  him  the  maximum  thermal  head. 


The  Rifling  of  Diamond-Drill  Cores 

Discussion  of  the  paper  of  WALtBR  R.  Crane,  printed  in  Btdleiin  No.  113,  May,  1916, 
pp.  823  to  833. 

H.    M.    Roberts,    Minneapolis,    Minn,    (communication    to    the 
Secretary*). 

— The  rifling  of  drill  cores  is  a  frequent  source  of  interest  to  men  engaged 
in  diamond  drilling.  Previous  to  the  appearance  of  Dr.  Crane's  paper, 
there  has  been  little  record  of  connected  observation  or  rigid  speculation 
as  applied  to  the  cause  of  rifling.  Replying  to  one  of  Dr.  Crane's  letters 
of  inquiry,  I  ventured  my  opinion  that  the  cause  of  rifling  was  a  complex 
problem  in  physics,  which  I  had  not  attempted  to  solve  up  to  that  time, 
except  to  ascribe  it  to  the  general  cause  of  rotation  and  vibration  of  the 
rods.  The  question  is  worth  attention  not  only  as  a  matter  of  curious 
scientific  interest  but  also  for  the  reason  that  it  stimulates  thought  on 

♦  Received  June  24,  1916. 
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the  mechanical  action  which  takes  place  at  the  end  of  a  diamond  bit. 
In  discuBsing  Dr.  Crane's  paper,  I  still  recognize  the  complexity  of  the 
problem  and  merely  note  a  few  observations  of  fact  with  the  inferences 
which  may  be  drawn  from  them.  I  am  indebted  for  suggestions  from 
W.  J.  Mead,  F.  F.  Fredlund  and  James  W.  Hunter  among  others  on  the 
staff  of  the  E.  J.  Longyear  Co. 

It  seems  clear  that  the  cutting  medium  which  causes  uniform  thread- 
ing must  be  the  diamond  bit  itself.  The  deep,  regular  ri&ing  of  such  dense 
rocks  as  granite  and  norite  for  long  intervals  admits  of  no  other  reasonable 
assumption. 

Rifling  occurs  in  many  different  rocks,  both  bard  and  soft,  but  in  all 
instances  noted  there  is  one  feature  in  common:  the  rock  is  homogeneous 
over  the  extent  of  the  rifling. 

Wall  of  DriU  Hole  Rifled 

The  wall  of  the  drill  hole  itself  is  rifled,  as  well  as  the  core.  This 
has  been  observed  in  the  shaft  of  the  Isabella  Mine  in  Northern  Michigan, 
which  was  sunk  on  a  2-in.  hole  in  diabase. 


Fig.  1  shows  a  specimen  taken  from  the  walls  of  this  hole.  It  is 
reasonable  to  suppose,  therefore,  that  rifling  of  the  core  is  also  accom- 
panied in  most  instances  by  rifling  of  the  wall  of  the  hole.  This  leads 
to  the  inference  that  perhaps  the  immediate  end  of  the  bit  is  responsible. 

The  Diamond  Bit 
A  consideration  of  the  great  pressures  which  bear  upon  a  bit  during 
the  drilling  makes  it  quite  certain  that  all  the  stones  work  and  engage 
the  rock  together.    Examination  of  a  worn  bit  shows  that  all  the  stones 
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not  as  great  as  might  be  supposed,  for  when  a  bit  is  blocked  under  great 
pressure,  and  the  engine  is  stopped  and  released,  the  chuck  seldom 
revolves  back  more  than  a  turn  or  a  turn  and  a  half.  During  this  process 
the  bit  is  presumably  fast  on  bottom. 

As  the  rods  revolve,  transverse  waves  advance  down  the  rods  at  every 
azimuth,  like  waves  of  light.  That  waves  of  this  type  are  produced  is 
shown  by  the  whipping  out  of  uncased  holes  when  drilling  soft  iron  for- 
mation. The  samples  are  often  vitiated  in  this  manner.  Anyone  who 
will  cUmb  the  tripod  and  look  down  on  the  water-swivel  when  the  rods 
are  vibrating  will  see  there  a  distorted  but  nevertheless  fairly  true  pic- 
ture of  what  is  taking  place  at  the  bit  on  the  other  end  of  the  rods.  It  is 
possible  to  count  distinct  beats  in  the  play  of  the  swivel  to  and  fro  as  the 
rods  vibrate. 

The  regularity  of  the  grooving  in  the  threaded  core  indicates  that  the 
waves  producing  it  have  a  definite  time  interval  with  a  fixed  relation  to 
the  revolution  of  the  rod.  The  fact  that  all  the  stones  are  working  at 
the  same  time  does  not  present  any  particular  difficulty  when  it  is  remem- 
bered that  in  any  one  instance  of  threading  the  stones  are  always  at  fixed 
intervals  with'  respect  to  the  axis  of  the  bit  and  therefore  have  a  fixed 
relation  to  any  wave  that  affects  the  bit  and  a  fixed  relation  to  the  period 
of  revolution.  In  the  instance  cited  by  Dr.  Crane  where  pentagonal  core 
is  formed,  the  time  of  vibration  must  be  nearly  a  definite  divisor  of  the 
time  of  revolution.  That  is,  during  one  revolution  of  the  bit  there 
were  approximately  five  major  wave  motions  which  produced  a  portion 
of  five  threads  on  the  core  for  a  longitudinal  distance  of  less  than-Hoo  ^^' 
In  all  other  instances  where  the  pitch  is  flatter  the  ratio  must  be  more 
intricate.  When  right-handed  threads  are  produced,  the  period  of  vibra- 
tion is  incommensurable  and  in  this  instance  thereby  deferred  sUghtly 
each  time  with  respect  to  the  core  as  the  rod  revolves.  When  left- 
handed  threads  are  produced,  the  period  of  vibration  is  also  incommen- 
surable, but  in  this  case  occurs  just  an  instant  earlier  with  respect  to  the 
core  during  each  succeeding  revolution. 

Overtones 

In  wave  motions  of  this  kind  it  is  conceivable  that  there  are  over- 
tones; that  is,  if  the  period  of  one  wave  length  be  T,  then  there  are  wave 
lengths  of  3^  T,  Ji  T,  etc.  The  braided  threads  on  many  pieces  of  core 
are  suggestive  of  secondary  action  of  this  kind  (see  Fig.  2  of  Dr,  Crane's 
paper).  All  of  the  laws  of  resonance  and  interference  in  wave  motion 
would  enter  into  the  amount  of  play  in  the  bit  as  it  revolves.  Again, 
when  relatively  smooth  core  is  produced,  it  is  probably  the  result  of  the 
impact  of  countless  numbers  of  periodic  waves  offsetting  each  other,   j 

There  are  many  other  apparently  simple  phenomena  in  nature  which 
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are  due  to  a  combination  of  periodicities^  as  a  beam  of  light  or  the  general 
strike  of  a  complexly  folded  iron  formation. 

The  net  result  of  the  wave  motions  down  the  rods  operating  under 
the  laws  of  resonance  is  translated  into  a  wave  whose  length  is  nearly 
parallel  to  the  circumference  of  the  core  and  whose  amplitude  is  along 
the  radius,  thus  producing  uniform  threading.  This  is  recorded  in  the 
rock  like  the  mark  on  the  indicator  card  of  an  engine.  Only  in  rare  in- 
stances do  all  the  factors  combine  under  the  laws  of  resonance  so  that  a 
deep  definite  tracing  of  the  wave  motion  is  formed. 

Mathematical  Interpretation 

We  may  attempt  to  arrive  at  a  rough  mathematical  interpretation  of 
wave  motion  at  the  end  of  a  diamond  bit  as  expressed  by  threads  in  the 
core. 

Let  B  =  the  number  of  revolutions  of  the  bit  during  any  interval  of 

advance. 

N  =  the  number  of  threads  appearing  on  the  cross-section  of  core 

F  (p)  =  some  continuous  or  discontinuous  function  of  the    pitch 

of  the  threads,  p  having  values  from  negative  to  positive 

infinity,  F  (p)  approaching  the   values  —1   and    +1  at 

these  ends,  and  approaching  the  value  zero  as  p  approaches 

zero,  the  value  of  p  being  related  to  the  value  of  N. 

Let  W  =  the  number  of  major  wave  motions  during  any  interval  of 

advance  of  the  bit,  as  indicated  by  the  threads. 
Then  W=  R  N  F  (p) 

Thus  in  the  instance  where  pentagonal  core  is  formed,  and  N  equals 
6,  p  approaches  infinity  and  F  (p)  approaches  the  value  1,  if  it  be  assumed 
that  600  revolutions  of  the  bit  have  been  made  during  the  delivery  of  1  in. 
of  core;  then  W  =  5  X  600  or  3,000,  which  is  indicative  of  the  number  of 
major  vibrations  of  the  bit  with  respect  to  the  axis  of  the  core  during  its 
spiral  advance  of  1  in. 

When  the  pitch  p  is  left-handed,  F  (p)  may  be  considered  as  varying 
from  0  to  —  1;  when  the  pitch  is  right-handed  F  (p)  varies  from  0  to  +1. 
As  p  becomes  small  in  either  case  the  value  of  N  increases  and  W  increases 
approaching  the  case  where  many  fine  threads  of  low  pitch  are  produced; 
W  increases  greatly,  which  is  to  say  that  a  cylindrical  core  is  formed 
when  there  are  a  large  number  of  exceedingly  small  wave  motions  of  the 
bit  to  and  fro.  Considering  an  instance  when  N  remains  constant  and 
the  threads  ultimately  coalesce  while  "p"  decreases  in  value,  then  the 
value  of  W  decreases.  The  ultimate  end  of  this  process  is  the  production 
of  a  smooth  core  with  slight  wave  motion  of  the  bit. 

Inspection  of  this  equation  shows  that  as  R  increases,  W  must  increase. 
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This  expresses  the  violence  of  vibration  when  harmonic  motion  of  the 
resonant  type  is  set  up  during  a  high  speed  of  revolution. 

This  mathematical  statement  is  merely  an  attempt  to  express  some 
of  the  relationships  which  appear,  by  speculating  on  the  nature  of  the 
phendmenon.  It  is  doubtful  whether  it  is  possible  to  determine  rigidly 
the  value  of  F  (p)  in  any  instance  or  to  tell  why  p  should  be  left-handed 
or  right-handed  or  to  devise  any  means  of  teUing  why  iV^  is  5  in  one  case 
or  9  in  another.  The  strength  of  the  rods,  the  number  and  character  of 
the  carbon,  the  way  they  are  set  with  respect  to  each  other,  the  water 
pressure  in  the  hole  as  determined  by  the  force  of  the  pump,  the  clear- 
ance of  the  bit,  etc.,  the  amount  and  character  of  the  deformation  in  the 
metal  of  the  bit  at  any  particular  time,  the  kind  of  drilling  machine,  and 
the  manner  of  its  set  up,  the  depth  drilled,  the  nature  of  the  rock,  the 
presence  of  soft  horizons  above  in  the  hole  which  may  affect  the  vibra- 
tion of  the  rods,  the  speed  of  rotation  and  the  pressure  on  the  rods — 
the  factors  which  influence  these  values  are  numerous  and  therefore 
difficult  to  analyze  into  their  true  proportions. 

Practical  Considerations 

m 

Dr.  Crane's  practical  application  of  the  results  of  his  research  is  dis- 
couraging in  these  days  of  keen  competition  for  drilling  contracts.  I 
refer  to  the  suggestion  that  it  is  possible  to  reduce  "the  vibratory  action 
of  the  drilling  mechanism  by  reducing  the  speed  of  rotation  of  the  rods." 
An  old  drillman  in  commenting  on  this  says  that  he  can  break  up  the 
vibration  by  increasing  the  speed  of  rotation.  This  suggestion  might 
better  be  stated  thus:  The  violence  of  vibration  can  be  broken  up  by 
varying  the  speed  of  rotation. 

This  destroys  one  of  the  constant  conditions  essential  to  harmonic 
motion.  The  greasing  of  the  rods  dampens  the  wave  and  sets  up  inter- 
ference by  releasing  friction  at  antinodes  of  the  waves,  thus  destroying 
another  constant.  This  may  be  inferred  by  examining  the  line  of  greased 
rods  when  pulled  from  the  hole  and  by  observing  that  the  grease  is  worn 
clean  at  definite  intervals. 

In  making  this  comment  on  Dr.  Crane's  conclusion  I  would  not  be 
understood  as  casting  doubt  on  the  utility  of  this  type  of  research.  An 
analysis  of  all  the  conditions  which  govern  the  advance  of  a  diamond  bit 
might  enable  operators  to  control  the  direction  of  diamond-drill  holes. 
At  present  the  hole  usually  takes  its  own  direction. 

Some  practical  considerations  have  occurred  to  me  while  dealing  with 
the  subject.  They  are  no  doubt  conunonplace  to  many  old  drillmen, 
but  seem  worth  recording:  When  driUing  deep  holes  in  homogeneous 
formations,  it  will  reduce  the  carbon  wear  and  increase  the  footage  to  use 
stiff  new  rods  and  to  use  a  blank  bit  which  has  the  smallest  possible  excess 


THB  BMBBALD  DBP08ITS  OF  MUZO,   COLOMBIA  1869 

in  diameter  over  the  size  of  the  rods.  The  use  of  eight  stones  in  a  bit 
rather  than  four  or  six  will  reduce  the  possibility  of  one  stone  carrying 
the  burden  of  the  work.  The  bit  should  be  reset  frequently  so  that  defor- 
mation of  the  weakened  steel  in  long-used  bits  will  be  avoided;  thus  the 
gage  of  the  hole  may  be  kept  more  accurately.  These  precautions  will 
set  up  conditions  adverse  to  the  development  of  resonant  wave  motion 
to  and  fro  in  a  bit  and  thus  tend  to  keep  it  working  straight  ahead,  which 
is  the  true  business  of  a  diamond  bit. 


The  Emerald  Deposits  of  Muzo,  Colombia 

Discussion  of  the  paper  of  Joseph  £.  Pogub,  printed  in  BvUeHn  No.  113,  May, 
1916,  pp.  799  to  822. 

Edgab  T.  Whbbbt,*  Washington,  D.  C.  (communication  to  the 
Secretary  t). — Dr.  Pogue's  presentation  of  the  facts  concerning  the  emerald 
deposits  is  very  clear  and  convincing,  and  the  only  addition  that  I  can 
suggest  is  a  summary  of  previous  theories  of  origin.  He  makes  it  evident 
that  the  pegmatite  theory  is  the  only  one  capable  of  explaining  the  exist- 
ing relations,  but  upon  certain  details  there  may  be  some  difference  of 
opinion.  If  I  understand  the  term  pneumatolytic,  it  does  not  imply  that 
all  the  elements  concerned  in  a  given  deposit  were  transported  as  gases, 
but  rather  that  the  crystalUzation  of  these  elements  into  the  various 
minerals  was  favored  by  the  presence  of  certain  gaseous  substances,  notably 
H2O,  CO2  and  HF.  It  is  highly  improbable  that  the  oxides  of  glucinum, 
aluminum,  chromium,  and  siUcon,  which  enter  into  the  composition  of 
the  mineral  emerald  could  have  been  transported  in  the  gaseous  form.  The 
same  is  true  of  the  metallic  constituents  of  the  parisite  and  other  asso- 
ciated minerals.  The  explanation  suggested,  that  solutions  separated 
into  liquid  and  gaseous  portions,  the  latter  ascending  and  forming  the 
emerald  in  the  upper  portions  of  the  rock  only,  therefore,  seems  to  me 
untenable. 

When  two  formations  exist  side  by  side  and  one,  A,  is  mineralized 
while  the  other,  B,  is  barren,  the  possible  explanations  may  be  classed 
as  (1)  chemical,  and  (2)  physical. 

1.  Some  chemical  feature  of  A  not  found  in  B  might  have  caused 
crystalUzation  of  certain  minerals  in  the  former,  which  did  not  appear 
in  the  latter.  In  the  present  instance  both  rocks  appear  to  be  so  similar 
chemically  that  no  such  effect  can  be  looked  for.  Pogue  mentions  carbon 
as  a  possible  precipitating  agent,  but  describes  both  formations  as  car- 
bonaceous, so  that  the  difference  in  the  minerals  of  the  two  can  not  be  thus 
explained. 

*  Assistant  Curator,   Division  of   Mineralogy  and  Petrology,    U.  S.   National 

Museum. 
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11 


1870  discussion:  Arizona  MBETma,  1916 

2.  The  physical  condition  of  A  might  have  permitted  or  encouraged 
the  passage  of  the  solutions,  while  that  of  B  retarded  or  prevented  it. 
In  the  present  deposit  some  mineralization  occurs  in  both  formations, 
calcite  veins,  albite,  and  p3rrite  being  found  in  both,  whereas  emerald, 
parisite,  and  a  number  of  minerals  of  minor  importance  occur  only  in  the 
upper,  A.  It  seems  to  me  that  this  difference  may  have  been  produced 
by  a  change  in  the  composition  of  the  solutions  during  the  progress  of 
mineralization;  at  first  these  brought  in  only  the  constituents  of  albite  and 
pyrite  and  deposited  them  with  calcite  dissolved  from  the  wall  rock,  in 
both  formations;  the  openings  in  B  became  completely  filled,  while  the 
more  numerous  or  larger  ones  which  would  naturally  have  developed  in 
A,  since  it  was  the  uppermost  formation,  remained  partiaUy  open.  Then, 
when  during  later  phases  of  the  mineralizing  activity  the  constituents  of 
emerald  and  parisite  appeared,  they  were  deposited  only  in  A  because  B 
had  become  impermeable. 


History  of  the  Flotation  Process  at  Inspiration 

Discussion  of  the  paper  of  Rudolf  Gahl,  printed  in  ByiJUAvn  No.  117,  September, 
1916,  pp.  1627  to  1681. 

David  Cole,  El  Paso,  Texas  (communication  to  the  Secretary*). — 
I  have  read  with  great  interest  Dr.  Gahl's  painstaking  paper  giving  us 
the  details  of  development  of  flotation  at  Inspiration,  and  it  seems  to  me 
that  he  has  covered  the  ground  so  completely  that  there  is  little  to  discuss 
or  criticize  in  connection  with  his  subject.  While  it  was  in  operation, 
the  test  mill  in  which  the  campaign  was  carried  on  was  the  Mecca  of 
mill  men  and  metallurgists.  There  was  much  to  interest  students  of 
milling  methods  in  addition  to  the  flotation  experiments,  and  readers  of 
Dr.  Gahl's  paper  will  miss  the  information  they  hoped  to  get  when  the 
"pilot"  mill  results  were  finally  compiled,  and  I  hope  that  the  following 
remarks  outlining  from  a  distance  some  of  the  things  that  happened  there 
will  bring  forth  the  rest  of  the  story  of  the  performances  recorded  in  these 
important  experiments. 

Prior  to  the  use  of  flotation  methods  in  concentration  it  had  long  been 
recognized  that  the  "unavoidable"  losses  of  sulphides  were  in  the  slime 
which  is  inevitably  produced  in  the  grinding  operations  required  to  free 
the  minerals  to  be  separated.  Classifying  the  feed  prior  to  its  final  stage 
of  treatment  had  long  been  in  style  in  milling.  This  assisted  the  sand- 
handling  machines  and  resulted  in  lowering  the  taiUngs  made  by  them, 
but  at  the  expense  of  the  slime-handling  department;  and  while  little 
was  expected  of  the  latter,  the  wisdom  of  complicating  the  process  by 
hydraulic  classification  was  being  seriously  questioned.    Indeed,  at  the 

•  Received  July  8,  1916. 
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time  that  the  gravity  method  -flowsheets  were  being  developed  for 
Inspiration  ores,  there  was  a  minor  revolution  in  milling  methods 
impending  involving  the  elimination  of  the  hydraulic  classifier.  This 
change  gave  no  promise  of  higher  extractions  but  did  promise  greater 
simplicity  and  much  less  floor  space  per  unit  of  capacity.  Such  mills 
promised  to  be  less  costly  to  build,  less  expensive  to  operate,  and 
equally  efl^cient.  Wholesale  concentration  in  relatively  small  space 
would  get  as  good  results  as  piecemeal  concentration  had  been  getting 
in  the  multiple  operations  of  the  spreadout  plants  into  which  the  por- 
phyry treatment  mills  had  degenerated. 

The  one  great  drawback  was  the  slime.  The  desiderata  of  the  engi^ 
neer  and  the  manufacturer  was,  on  the  one  hand,  to  provide  grinders 
which  would  produce  the  minimum  of  slime,  and,  on  the  other  hand, 
improved  "slimers"  which  would  give  the  maximum  recovery  from  the 
finest  products.  The  technical  press  of  the  period  reflected  this  state 
of  things  in  the  advertisements  of  those  having  the  latest  novelties  to 
sell.  There  was  much  revamping  of  old  ideas  with  some  refinement,  but 
nothing  new.  Tube-mill  grinders  were  "taboo"  for  concentration, 
because  they  had  a  bad  reputation  as  slimers.  Automatic  canvas  plants 
were  being  exploited  and  very  ingenious  multiple-deck  table  devices 
were  being  offered  as  the  remedy — the  only  possible  remedy. 

Looking  backward  no  further  than  1912,  when  Inspiration  began  to 
study  its  milUng  problems,  we  now  see  that  we  were  without  eflfective 
resource  in  treating  real  sulphide  slimes.  Mr.  Callow's  investigations 
and  experiments  had  apparently  demonstrated  that  some  departure  from 
the  usual  gravity  practice  would  be  advantageous  and  that  a  high  recov- 
ery for  that  method  would  be  possible  on  the  granular  material,  but  he 
threw  small  light  on  slime  treatment.  This  was  the  situation  when  the 
Inspiration  company  was  endeavoring  to  determine  its  mill  treatment 
scheme. 

After  reviewing  from  every  angle  the  results  of  experiments  on  the  ore 
and  other  information  available,  a  modified  flowsheet  was  finally  crystal- 
lized by  Mr.  Burch  and  adopted  by  the  management.  Mill  plans  were 
drawn  for  what  was  to  be  a  most  highly  developed  7,000  tons  per  day 
gravity  process  plant,  and  work  was  iromediately  inaugurated  to  carry 
out  these  plans.  The  mill  site  was  selected,  and  much  active  work  had 
been  prosecuted  before  flotation  (by  this  time  being  hastily  tried  in  the 
old  experimental  plant)  had  so  far  won  its  battle  that  results  could  be 
viewed  otherwise  than  probably  too  good  to  be  true. 

The  apparent  promises  of  flotation  were  extremely  attractive,  because 
the  process  would  be  simple  and  would  solve  the  all-important  slime 
problem.  The  process  would  have  a  greatly  reduced  number  of  stages; 
the  plant  would  be  much  smaller  per  unit  of  capacity;  the  cost  of  con- 
struction per  unit  of  capacity  would  probably  be  very  much  less;  the 
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use  of  water  would  be  minimized;  grinding  would  have  to  be  carried 
further  than  usual,  and  would  be  the  main  item  of  milling  cost,  but  this 
was  not  a  very  great  handicap  because  sliming  did  not  matter.  What 
system  of  grinding  would  be  best  to  use  and  what  is  the  best  machine? 
Would  it  be  possible  to  parallel  the  small  test-mill  metallurgical  results 
on  a  full-tonnage  basis,  and  finally  would  it  not  be  too  hazardous  to 
accept  so  revolutionary  a  process  with  so  much  experiment  in  its  makeup? 

The  mine  preparation  program  which  had  been  settled  upon  would 
produce  about  600  tons  daily  of  freshly  broken  ore  directly  from  the  head- 
ings. This  happened  to  be  the  rated  capacity  of  a  full-sized  Minerals 
Separation  unit  which  the  flotation  people  were  urging  as  a  means  of 
improving  their  extraction.  If  this  ore  from  the  headings  were  put  in 
stock  pile  in  the  usual  way,  pending  the  completion  of  the  milling  plant, 
the  ore  would  oxidize  to  some  extent  and  besides  would  involve  reclaim- 
ing expense  later  on.  Why  not  mill  it  all  as  fast  as  produced,  in  a  real 
"pilot"  mill,  wherein  not  only  flotation  problems,  but  grinding  problems, 
power  consumption,  use  of  water,  preparation  of  sticky  concentrates, 
and  other  vital  questions  which  might  come  up  could  be  definitely  threshed 
out  imder  what  would  be  regular  commercial  conditions  on  full-sized 
machines?  In  this  size  of  "pilot"  operations,  labor  would  be  used  eco- 
nomically and  production  would  almost,  if  not  quite,  pay  all  of  the  cur- 
rent expenses,  except  the  mining  cost. 

This  program  was  adopted.  That  the  decision  to  carry  it  out  was  a 
wise  one  is  shown  in  Dr.  Gahl's  paper,  and  that  it  paid  its  way  is  shown 
by  Mr.  Mills'  annual  report  for  1915,  in  which  he  says:  "Contrary  to  the 
usual  experience,  this  test  mill  paid  the  cost  of  its  construction,  its  opera- 
tion expense,  the  present  average  mining  cost  on  ores  treated,  and  some- 
thing besides,  and  has  been  written  ofif  the  books." 

Anybody  with  a  real  idea  applicable  to  the  problem  could  get  a  hear- 
ing and  a  tryout  in  this  extremely  practical  commercial  sized  laboratory 
where  sampling  was  in  the  hands  of  engineers  and  the  results  were  com- 
piled in  a  way  to  make  them  comparative  and  valuable.  Thousands 
of  dollars  were  spent  by  the  company,  by  inventors,  and  manufacturers 
in  demonstrations.  Expense  was  subordinated.  Heavy  shipments  by 
express  were  made  when  necessary  to  hasten  the  work,  and  much  more 
than  flotation  was  developed  in  this  "pilot"  plant. 

Four  different  types  of  Symons  crushers  and  pulverizers  were  tried. 
Three  of  these  were  marked  and  very  interesting  departures  from  ordinary 
practice.  The  company  had  purchased  the  Hardinge  mill  patent  rights 
for  Arizona  and  four  forms  of  this  mill  were  installed  to  determine  the 
best  to  use,  and  these  were  kept  busy  during  nearly  the  whole  campaign. 
A  long  parallel  tube  mill  was  installed  and  run  in  competition  with  the 
Hardinge  mill.  A  high-speed  Huntington-type  grinder  at  one  time 
attracted  much  interest.    Hammer  pulverizers  of  two  different  makes 
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were  also  tested.  Various  linings  and  grades  of  flints  were  tried  in  the 
pebble  mills.  Steel  balls  in  place  of  pebbles  were  advocated  and  a  carload 
purchased. 

In  the  latter  part  of  the  testing  period  the  Marcy  type  of  baU  mill, 
especially  designed  for  using  iron  balls  larger  than  usual,  and  adapted  to 
crush  from  breaker  sizes  to  48-me8h  in  closed  circuit  in  one  operation, 
was  installed  and  perfected.  This  grinder  proved  capable  of  a  greater 
range  of  reduction  than  had  previously  been  thought  possible,  from  an 
initial  feed  as  coarse  as  3-in.  cubes.  It  is  a  ball  mill  pure  and  simple, 
having  large  capacity  in  small  space.  It  makes  use  of  a  perforated 
diaphragm  to  keep  the  balls  and  charge  inside  of  the  mill  until  the  latter 
will  pass  a  ^6~ui.  opening,  and  it  has  the  equivalent  of  a  peripheral 
discharge.  An  overflow  classifier  determines  the  finished  size  and  the 
oversize  is  continually  returned  to  the  grinding  chamber.  This  mill  uses 
Uttle  water  in  the  grinding  chamber,  so  that  its  charge  of  ore  is  mortar 
like  in  consistency.  It  was  quite  successful.  There  was  nothing  in 
the  Hardinge  equipment  to  parallel  it  because  the  Hardinge  mills  were 
built  for  pebble. mills  and  did  not  have  feed  scoops  or  openings  adapted 
to  handle  as  coarse  a  feed,  and  the  linings  would  not  stand  up  under  the 
ball  load.  Would  the  Hardinge  machines  when  built  as  a  ball  mill  with 
the  required  strength,  type  of  Uning,  size  of  feed  and  discharge  openings, 
do  as  well?  To  wait  for  a  mill  to  be  made  over  or  a  new  one  manufac- 
tured would  take  too  long,  so  the  Marcy  type  was  adopted  and,  contrary 
to  what  I  think  is  the  popular  impression,  the  conical-type  steel-ball  mill 
V8.  the  Marcy-type  steel-ball  mill  did  not  receive  a  tryout. 

Recording  electric  instruments  were  installed  so  that  accurate  power 
records  could  be  continually  made  while  the  various  machines  were  being 
operated. 

Several  varieties  of  drag  and  rake  classifiers  and  two  types  of  vacuum 
filters  were  installed  and  records  made.  The  efficacy  of  high-reduction 
herringbone  gears  driving  ball  and  tube  mills  became  a  matter  of  interest 
on  accoimt  of  the  troubles  that  developed  in  them,  and  the  reasons  for 
these  troubles,  which  would  make  a  story  by  itself  when  discovered. 

This  testing  work  grew  into  a  process  of  elimination  and  the  scrap 
pile  grew  steadily.  Some  blasted  hopes  may  be  buried  there,  but  it  does 
not  follow  that  all  of  the  machines  or  materials  that  were  returned 
to  the  sponser  or  that  found  their  way  to  the  scrap  heap  were  entirely 
unfit.  It  was  necessary  to  choose  and  to  discard,  and  that  there  is  no 
acrimony  in  connection  with  the  matter  speaks  well  for  the  type  of  justice 
and  judgment  that  prevailed.  Doubtless  the  use  of  some  discarded 
things  might  have  answered  as  well,  but  it  would  be  hazardous  indeed 
to  say  that  anything  vital  on  the  score  of  cost  or  recovery  of  values  failed 
to  receive  recognition  in  the  final  selection.  One  of  my  mental  offspring 
was  among  the  fallen.    It  held  out  for  a  long  time  and  I  greatly  appre- 
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ciate  the  favorable  mention  which  Dr.  Gahl  has  made  of  it.  I  would  have 
been  pleased  to  pursue  its  development  further,  but  I  can  not  at  this  time 
see  where  its  adoption  would  have  saved  any  more  copper  or  any  more 
money  in  getting  the  copper  than  the  ones  that  were  selected,  and  I  think 
this  will  apply  to  all  the  *'late  lamented''  concerned  in  the  campaign 
that  was  carried  on.  In  other  places  and  on  other  ores  the  conditions 
would  not  be  the  same.  The  ratio  of  concentration,  or  the  crushability 
factors  particularly,  may  so  change  conditions  as  to  indicate  the  use  of 
ideas  that  were  discarded  at  the  Inspiration  test  mill. 

When  the  comprehensive  plan  of  testing  on  a  large  scale  was  decided 
upon,  I  think  Dr.  Ricketts  and  Mr.  Mills  recognized  that  the  records  made 
might  be  extremely  valuable  to  engineers  and  metallurgists,  and  I  believe 
the  matter  of  writing  the  story  of  the  campaign  was  considered  and  that 
records  were  started  with  that  ultimate  end  in  view.  Experience  added 
to  theory  is  more  valuable  than  theory  alone;  the  scrap  heap  more  eloquent 
than  the  machine  promotor,  and  the  wornout  unit  in  the  "bone  yard" 
is  often  more  interesting  than  the  one  shown  on  the  original  blue  print. 
It  is  seldom  indeed  that  experiments  are  possible  under  such  auspices 
and  on  such  an  extensive  scale  as  those  carried  out  in  the  Inspiration 
"pilot"  mill,  and  I  hope  that  Mr.  Burch  or  Dr.  Gahl,  or  both  of 
them,  will,  with  the  approval  of  the  Inspiration  company,  find  time  and 
inclination  at  an  early  date  to  prepare  a  paper  or  papers  which  will  extend, 
through  the  Transactions^  the  value  of  these  experiences  to  our  members. 

Referring  to  the  final  flowsheet  adopted,  I  note  that  hydraulic  classi- 
fication had  no  place  in  the  600-ton  "pilot"  mill  experiments  which  Dr. 
Gahl  has  so  interestingly  described,  and  I  note  that  he  has  not  referred 
to  the  reason  for  retaining  this  remnant  of  the  old  system  of  concentration 
in  the  flow  sheet. 

I  note  that  3  tons  of  water  per  ton  of  ore  handled  is  required  in  the 
flotation  operation  and  that  3  tons  more  is  added  in  the  subsequent  table 
treatment  which,  of  course,  includes  the  hydraulic  classification  operation 
practiced,  and  I  presume  that  something  more  than  one-half  of  the  last 
3  tons  is  added  in  the  classifiers  themselves;  and  since  the  water  is  clarified 
and  returned,  the  addition  of  unnecessary  water  would  entail  expense  for 
clarification  and  pumping  which  would  not  be  required  if  less  water 
were  used. 

In  my  work  in  the  concentration  of  ores  I  have  not  been  able  to 
become  very  enthusiastic  over  hydraulic  classifiers,  and  since  flotation  has 
come  to  the  rescue  of  the  slimed  sulphide  I  find  myself  less  enthusiastic 
than  ever  over  their  use. 

When  I  was  a  lad  in  the  Black  Hills  I  was  fascinated  in  watching  a 
certain  mountain  spring  in  which  poUshed  micaceous  particles  glistening 
in  the  sunlight  would  be  caught  in  the  current  rising  from  an  orifice  in 
the  bottom  of  the  sand  funnel  and  be  flirted  to  the  surface,  sail  across  the 
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crater  and  fall  upon  the  conical  sides  to  be  again  methodically  returned 
over  the  same  route.  It  was  interesting  to  watch  the  disturbance 
caused  by  dropping  a  handful  of  foreign  sand  and  silt  into  the 
funnel  and  have  it  ''classified"  and  washed  clean,  a  new  form  of  crater 
finally  being  established  with  the  changes  of  average  sizes  retained. 
My  first  contact  with  hydraulic  sizing  in  concentration  was  studied  from 
that  foimdation.  The  spring  took  its  time  to  do  a  good  job;  it  worked 
the  charge  over  repeatedly.  All  the  silt  went  out  quickly  and  the  fines 
gradually  went  overboard  with  a  rapidly  decreasing  ratio,  until  the  crater 
would  settle  down  again  to  its  regular  work  of  turning  the  mobile  contents 
over  and  over  in  a  new  condition  of  equilibrium.  But  I  soon  learned  that 
the  beauty  was  all  taken  out  of  the  process  in  its  commercial  application. 

The  process  witnessed  in  the  action  of  the  spring  was  balanced, 
precise,  and  definite,  and  quite  at  variance  with  what  we  witness  in  watch- 
ing through  glass  the  operations  going  on  in  a  "teeter  chamber"  of  the 
metallurgical  hydraulic  classifier,  which  seems  to  me  to  be  of  Uttle  value 
except  in  its  office  of  washing  out  the  slimes  which  used  to  be  the  main 
source  of  the  loss  in  treating  imclassified  material  upon  concentrating 
tables. 

Following  the  thorough  combing  out  of  the  slimed  values  as  effected 
by  the  splendid  flotation  treatment  that  the  pulp  has  previously  received 
in  the  Inspiration  final  flowsheet,  I  am  inclined  to  question  the  value  of 
the  subsequent  classification  by  hydraulic  means.  I  note  that  the  flota- 
tion tailing  is  split  into  slime  and  sand  at  the  drag  belts,  that  there  is 
very  little  slime  left  in  the  sand  portion,  and  that  what  little  there  is 
(on  account  of  the  previous  frothing)  is  completely  devoid  of  value  which 
the  tables  can  save,  as  indicated  by  the  fact  that  the  main  sUme  overflow 
of  the  drag-belt  separators  is  discharged  to  waste  without  further  treat- 
ment. It  seems  to  me  that  it  ought  to  be  possible  to  eliminate  the  classi- 
fiers, and  I  would  like  to  ask  Dr.  Gahl  if  there  has  been  any  trial  to 
determine  what  happens  when  the  previously  frothed  sand  feed  is  put 
upon  the  tables  for  final  treatment  without  hydraulic  sizing  separation. 


Comparative  Friction  Test  of  Two  Typ.es  of  Coal-Mine  Cars 

Discussion  of  the  paper  of  P.  B.  Liebermann,  printed  in  Bidletin  No.  114,  June, 
1916,  pp.  1057  to  1065. 

Edwin  M.  Chance,  Wilkes-Barre,  Pa.  (communication  to  the  Secre- 
tary*).— I  have  read  with  great  interest  Mr.  Liebermann's  paper  report- 
ing dynamometer  tests  of  mine  cars  and  wish  to  express  my  appreciation 
of  this  investigation.  The  coal-mining  industry  needs  just  such  precise 
study  of  the  problems  with  which  it  is  confronted. 

•  Received  June  24,  1916. 
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It  would  seem^  however,  that  the  writer  has  demonstrated  that  a 
high-grade  grease  is  superior  to  black  oil  as  a  mine-car  lubricant  rather 
than  that  roller-bearings  are  superior  to  plain.  While  it  is  reasonable 
to  believe  that  roller  bearings  will  cause  less  friction  than  plain  when 
used  on  the  trucks  of  mine  cars,  still  this  point  can  not  be  conceded  on  the 
strength  of  the  tests  quoted,  for  in  these  tests  grease  was  the  lubricant  of 
the  roller  bearings,  while  the  usual  black  oil,  of  low  lubricating  value,  was 
the  lubricant  of  the  plain  bearings.  Under  these  conditions,  a  case  is 
made  for  the  lubricant  rather  than  for  the  bearings. 

Some  time  ago  certain  of  the  coal  mining  companies  with  which  I  am 
associated,  called  upon  me  to  have  a  high-grade  grease  prepared  for  them 
for  use  in  plain  mine-car  bearings.  This  problem  was  successfully  solved 
and  this  lubricant  has  now  been  in  use  for  some  years.  The  fact  has 
been  established  that  the  ordinary  plain  mine-car  journals  are  especially 
susceptible  to  such  a  lubricant  and  that  its  use  greatly  decreases  the 
drawbar  pull  of  these  cars.  The  fact  must  be  borne  in  mind,  however, 
that  the  exigencies  of  this  service  require  a  special  grease  and  that  the  use 
of  the  ordinary  grades  of  cup  grease  wiU  surely  speU  disaster. 

It  would  be  indeed  interesting  to  have  tests  of  the  same  degree  of 
precision  as  those  reported  made  upon  cars  with  plain  bearings  lubricated 
with  black  oil  and  special  mine-car  grease  and  to  compare  the  latter  with 
tests  under  like  conditions  made  upon  cars  equipped  with  roller  bearings. 

Chables  Legrand,  Douglas,  Ariz,  (communication  to  the  Secre- 
tary*).— ^Mr.  Liebermann's  paper  on  friction  tests  of  two  types  of  coal- 
mine cars  is  very  interesting.  It  is  a  pity  that  the  dynamometer  car  was 
not  designed  for  use  on  tracks  of  18  to  24  in.,  as  this  is  the  most  usual 
gage  in  metal  mines  in  this  part  of  the  country. 

I  have  tried  to  make  tests  by  means  of  an  ordinary  spring  dynamome- 
ter and  find,. as  stated  by  Mr.  Liebermann,  that  this  method  is  very 
imsatisfactory,  as  the  conditions  of  mine  tracks  are  too  variable  to 
produce  a  steady  pull  on  the  dynamometer.  It  would  be  very  valuable 
to  the  mining  industry  to  have  accurate  tests  taken  on  narrow-gage  track, 
to  determine  not  only  bearing  friction,  but  the  total  track  resistance. 
Such  tests  would  convince  the  mine  managers  that  it  pays  to  lay  heavy 
tracks  and  keep  them  in  good  condition. 

Personally,  I  have  always  been  in  favor  of  the  roller  bearing,  not  only 
on  account  of  its  lower  friction  but  also  on  account  of  its  smaller  main- 
tenance and  lubricating  costs.  To  be  successful,  however,  this  type  of 
bearing  has  to  be  dustproof .  On  a  narrow-gage  car  this  is  usually  done 
by  inclosing  the  whole  axle  in  a  casting  which  also  supports  the  two 
bearings.  This  casting  acts  as  an  oil  reservoir  and  permits  the  car  to 
be  run  a  whole  month  with  one  oiling. 

♦  Received  July  6,  1916. 
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I  hope  that  Mr.  Liebermann  will  continue  his  work  and  make  tests 
of  the  narrow-gage  cars. 

John  Phillips,  Pittsburgh,  Pa.  (communication  to  the  Secretary*). — 
I  am  familiar  with  the  test  made  by  the  Greensburg  Coal  Co.  and  de* 
scribed  in  Mr.  liebermann's  interesting  paper,  although  I  was  not 
I>ersonally  present.  Mr.  Liebermann's  results  on  the  Hockensmith  plain- 
bearing  wheels  compare  closely  with  tests  which  have  been  made  else- 
where and  show  a  considerable  saving  in  favor  of  the  roller  bearings. 
However,  as  the  grade  increases,  the  ratio  in  favor  of  the  roller  bearings 
decreases  until,  on  a  4  per  cent,  grade,  their  efficiency  is  only  11  per  cent, 
greater  than  that  of  the  plain  bearings,  as  shown  by  the  following  official 
figures  of  the  Hyatt  company: 

Test,  Oct.  3,  1915 

Pounds 

Weight  of  cftr 2,660 

Weight  of  coal 4,500 

Total 7,150 

Weight  of  20  cars  loaded,  2.4  per  cent,  grade  average..     71.5  tons. 

Correction 48  lb.  per  ton. 

71.5  X  48  =  3,432  lb. 
4,280  5,190 

'  4,350  5,070 

^410  5^250 

3)13,040  3)15^510 

4,347  Hyatt  5,170  plain 

4,347  5,170 

3,432  __?.432 

915  1,738 

915 
Frictional  resistance  for  Hyatt,  yv-g  =  12.8  lb.  per  ton. 

1  738 
Frictional  resistance  for  plain  bearings,  "^JT  ^  24.3  lb.  per  ton. 


i 
Drawbar,  Pounds  per  Ton 

Grade, 
Per  Cent. 

! 

Per  Cent. 
Saving 

Percentage  Cars  Pos- 
sible to  Add  in  Case 
of  Roller  Bearings 

Roller  Bearings               Plain  Bearings 

12.8 

32.8 
52.8 
72.8 
92.8 

24.3 
44.3 
64.3 
84.3 
124.3 

level 

1 

2 
3 

4 

47K 
26.0 
17.9 
13.6 
11.0 

90.0 
35.0 
21.8 
15.8 
12.4 

It  will  be  noticed  that  all  the  readings  were  taken  on  a  straight  track 
on  an  average  grade  of  2.4  per  cent.  Had  any  of  the  readings  been  taken 
on  a  curve,  we  are  confident  that  the  drawbar  pull  on  both  the  roller 


♦  Received  July  10,  1916. 
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bearings  and  the  plain  bearings  would  have  been  considerably  higher 
when  the  train  was  rounding  the  curve,  because  the  axles  of  the  Hocken- 
smith  trucks  are  of  straight  cold-rolled  steel  without  collars,  and  in  round- 
ing the  curve  the  car  naturally  shifts  against  the  inside  wheel.  The 
rear  hubs  of  the  wheels  are  necessarily  large  in  order  to  admit  the  bearings, 
and  the  large  hub  grinding  against  the  box  creates  considerable  friction, 
which  would  increase  the  drawbar  pull  on  a  curve. 

Records  of  three  tests  conducted  by  the  Engineering  Department  of 
the  Kttsburgh  Coal  Co.,  on  three  different  types  of  wheels,  are  given 
below.  At  Essen  No.  3  mine,  the  Jarvis  Adams  roller  bearings  were 
used;  at  the  Champion  mine,  Eureka  wheels  and  angle-bar  trucks  (the 
wheels  being  similar  to  the  plain-bearing  wheels  used  in  the  Greensburg 
test),  and  at  the  Dickson  mine,  our  open-cap  wheel  trucks.  Inasmuch 
as  the  drawbar  pull  on  the  Hockensmith  plain-bearing  wheels  at  Cham- 
pion agrees  very  closely  with  the  results  on  the  Hockensmith  plain 
bearings  at  Greensburg,  the  results  may  be  taken  as  approximately  cor- 
rect, and  show  the  following  comparison: 

Hyatt  roller  bearings  at  Greensburg 12.8    lb.  per  ton. 

Jarvis  Adams  roller  bearings  at  Essen  No.  3 15.14  lb.  per  ton. 

Open-cap  trucks,  Dickson  mine 18.48  lb.  per  ton. 

Hockensmith  plain  bearings.  Champion  mine 24.40  lb.  per  ton. 

Hockensmith  plain  bearings,  Greensburg 24.30  lb.  per  ton. 

The  figures  on  the  Hyatt  bearings  were  lower  than  we  anticipated, 
as  we  had  always  supposed  that  the  Jarvis  roller  bearings  when  new  and 
in  good  :;ondition  were  the  easiest  running  on  the  road.  Our  open-cap 
truck  costs  about  the  same  as  the  Hockensmith  angle-bar  truck,  but  runs 
about  25  per  cent,  easier.  The  cost  of  the  roller-bearing  truck  is  about 
$10  to  $12  per  car  more  than  our  truck,  and  on  the  basis  of  the  Greens- 
burg figures  runs  about  30  per  cent,  easier. 

From  the  above  data,  I  think  that  it  is  safe  to  say  that  it  would  be 
well  for  Mr.  Liebermann,  or  some  person  equally  well  qualified  to  carry 
out  this  class  of  tests,  to  pursue  it  much  further,  both  as  to  different 
kinds  of  wheels,  and  to  the  character,  of  roads,  which  would  include  dif- 
ferent grades  and  varied  curvature,  before  a  thorough  comparison 
could  be  made  and  a  conclusion  arrived  at  that  would  be  entirely 
satisfactory. 
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"Leyner-lngersoll"  Drills 

Have  been  used  in  driving  a  great  many  miles  of  tunnels  and 

mine  drifts  in  all  kinds  of  rock  and  under  all  conditions 

of  service. 

In  tunnel  work  their  record  of  performance  has  yet  to  be 

approached  by  any  other  Drill. 

In  mine  work  they  have  been  responsible  for  the  reduction 

of  mining  costs  to  the  bed  rock  level. 

Their  use  has  not  only  resulted  in  financial  benefit  to  the 

mine  operator  but  in  improved  working  conditions  for  the 

drill   runner.     The  patented  Leyner  water  feeding  device 

keeps  down  the  dust. 

This  Drill  Holds  the  Americaa  Tunneling  Record 

"Leyner-lngersoU"  will  help  to  solve  your  problem.     Start 
by  sending  for — 

BULLETIN  ^120  .^u 

INGERSOLL-RAIND  COMPANY 

II  Broailwiy,  NEW  WRK         on...  ii.  w.Hd  o..,      16S  0.  VModi  St,  LWIDOri 


A  DIGGER  AT  LOW  COST 


UNION  IRON  WORKS 

NEWARK  STREET        HOBOKEN.N.J. 

(Mention  thli  Bini.BnH  w 
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INDUSTRIAL  SECTION 


Some  Statistics  on  Crushing 

In  Bulletin  J  I,  recently  published  by  the  Traylor  EngiDeering  and 
Manufacturing  Co.,  it  ia  stated  that  the  largest  jaw  crusher  ever  built  has 
a  jaw  opening  of  66  in.  by  86  in.  and  weighs  680,000  lb.  It  is  said  to  be 
in  successful  operation  and  has  a  capacity  of  490  tons  per  hour  crushed 
to  12-in.  sise;  415  tons  per  hour  crushed  to  10-in.  size;  330  tons  per  hour 
crushed  to  8-in.  size. 

The  same  company,  in  its  Bulletin  G  3,  ^ves  a  diagram  ahowii^  the 
percentage  of  a  crushed  product  wbicb  will  pass  through  screeas  of  dif- 
ferent sizes  of  perforation  from  a  machine  adjusted  to  a  certain  size  screen. 
This  diagram  is  reprinted  below  for  the  information  of  our  members 
and  the  following  notes  apply  to  it. 


peitcENTACes 

In  order  to  prevent  an  excessive  amount  of  fines,  crushing  machines 
are  usually  set  eo  that  15  per  cent,  of  the  product  will  be  latter  than  the 
maximum  size  desired,  and  this  oversize  is  then  recrushed  by  smaller 

<3  )  (UntloD  tUa  BsuBmi  whu  wittinc  ■dnrtbNa.t 
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WE  DON'T  ASK  YOU  TO  TAKE  ANY  RISK 

We  take  all  the  responsibility  when  we  sell  you  Schierea's 
Duxbak  Waterproof  Leather  Belting.  There's  no  risk  in  this 
for  us  because  Duxbak  is  always  the  same  perfect  product  that 
we  guarantee  waterproof,  proof  against  acid  or  alkali  fumes  and 
anything  any  belling  is  likely  to  meet  at  close  quarters. 

Tiy  one  Dnzbak— You'll  like  It  immensely 

Dub>k  look  Ik*  GoU  Mxlir  ot  Hcmci  •!  th.  Su  Friiciioo 


30-38  Ferry  St.,  New  Yorii  City 


BEER,  SONDHEIMER  CS.  CO. 

I  ncorporated 

NEW   TOfiK        .       -       -       -       6i    BROADWAY 
Zinc  OiM,  CarbonatM,  Su^Udea  and  Mixed  Oret,  Copper  Ores, 
Copper  Uatte,  Ci^per  Bullion,  Lead  Bullion,  Lead  Orca,  Anti- 
mony Otai,  Iron  and  Uanganeae  Orel,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Copper,  Aneolc,  One  Duat. 

Own  Smelting  and  Refining  Worics 


DORR 


CLASSIFIEDS 
THICKENERS 
AOITATORS 


Are  universally  used  thruout  the  Globe  in  Cyanidation,  Concentration  and 
Flotation.  Recognized  by  Institute  Members  for  extremely  low  operating  and 
maintenance  cost. 

WriUfor  Catalogs  5  and  7 

TI-IE    DORR    COMPAINY 

ENQINEERS 

Sacceuort  to 

The  Dorr  Cyanide  Machinery  Co. 

NEW  YORK  DENVER.   COLORADO  LONDON,  E.  C. 


BULLETIN,  A.  I.  M.  E.— INDUSTRIAL  SECTION 

machines.  This  diagram  is  so  drawn,  therefore,  that  the  diagonal  lines 
intersect  the  horizontal  lines  exactly  on  the  vertical  line  indicating  85 
per  cent.,  and  the  diagonal  corresponding  to  any  given  adjustment  passes 
through  the  intersection  of  the  86  per  cent,  vertical  with  the  horizontal 
corresponding  to  the  same  size  screen. 

Example. — To  determine  the  percentage  of  the  product  from  a  crusher 
adjusted  to  2J^-in.  screen  which  will  be  over  13^-in.:  Find  the  hori- 
zontal marked  2}^  and  follow  it  to  its  intersection  with  the  85  per  cent, 
line,  and  the  diagonal  passing  through  this  point  corresponds  to  the  prod- 
uct from  a  23^-in.  adjustment.  By  following  this  diagonal  to  the 
l}^-in.  line,  the  percentage  shown  is  50,  and  subtracting  this  from  the 
85  per  cent.,  it  will  be  seen  that  35  per  cent,  of  the  product  will  be  over 
IH  in.  and  under  2J^-in. 

Similarly  the  percentage  of  any  size  may  be  found,  and  it  is  thus  pos- 
sible to  determine,  with  a  fair  degree  of  accuracy,  what  proportion  it  may 
be  necessary  to  recrush  or  what  proportion  the  different  sizes  from  the 
plant  will  be. 

If  the  material  has  already  been  screened  through  a  certain  perfora- 
tion, or  the  percentage  of  a  given  mass  is  to  be  determined  without  ref- 
erence to  the  setting  of  the  crusher,  then  the  corresponding  diagonal 
should  be  selected  on  the  100  per  cent.  line. 


A  New  Metal  with  High  Heat-Resisting  Qualities 

Bulletin  118  of  the  Diamond  Power  Specialty  Co.,  gives  the  following 
information  regarding  "Insuluminum,"  a  new  alloy  recently  developed 
in  the  research  laboratories  of  the  General  Electrical  Co.  by  impregnating 
iron  and  steel  with  an  aluminum  alloy.  The  resulting  material  is  a  rich 
ferro-aluminum  said  to  be  of  great  hardness,  and  possessing  heat-resist- 
ing qualities  much  in  excess  of  iron  and  steel.  The  process  is  claimed  to 
form  a  homogeneous  alloy  which  cannot  be  destroyed  without  destroying 
the  mass  of  which  it  is  a  part.  When  tubes  are  coated  with  this  material, 
it  is  said  that  the  outer  and  inner  surfaces  of  the  tubes  are  covered  with 
a  thin  film  of  alumina,  under  which  is  a  wide  band  of  ferro-aluminum. 
The  alumina  resists  heat  and  is  said  to  make  the  tubes  much  more  last- 
ing, especially  in  boilers  or  any  other  place  where  a  high  resistance  of 
heat  is  important. 


To  Find  the  Tension  in  a  Cableway  Rope 

The  following  quotation  is  from  Leschen^s  Hercules  of  June,  1916: 
"A  cableway  rope  should  be  chosen  so  that  there  will  be  a  factor  of 
safety  of  four  when  the  maximum  load  at  the  center  of  the  span  is  pro- 
ducing a  deflection  equal  to  5  per  cent,  of  the  distance  between  sup- 

(4 )  (McatioD  this  Bvllrui  wbMi  wiHiiis MtTtrtfam.! 
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Portable    Electrodynamometer    Instruments    of    Precision 

Model  310  Slngtc-PhucandDlrrctCumntWittmctw 

Model  329  Polyphuc  WittiiMlcr 

Model  341  A.  C.  ind  D.  C  Voltmeter 

Model  370  A.  C.  tnd  D.  C  Ammeter 

Uoiillitoani  jag  an  dticrilitd  in  BuUilin  No.  looi,  Uodil  341  >■ 

BuUelin  No.  1004.  tnd  UodU  370  in  BiMiUh  No.  1003.     Wrile/or  tktm. 

Weston  EJectrlcal  Instrument  Co.,  37  Weston  Av«.,  Newark,  N.  J. 

BraMck  OJicH  in  Iht  Lartt  CUUi 
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• 

ports.  This  deflection  should  be  maintained,  and  to  this  end  the  rope 
should  be  pulled  in  or  out-  as  the  temperature  rises  or  falls  during  the 
course  of  the  year. 

''To  find  the  tension  in  a  cableway  rope,  the  following  simple  method 
is  very  convenient:  For  a  deflection  equal  to  5  per  cent,  of  the  span 
(the  load  being  at  the  center  of  the  span)  the  tension  in  the  rope  is 
equal  to  five  times  the  load  added  to  two  and  one-half  times  the  weight 
of  the  suspended  rope." 


Trade  Catalogs 


Bulletin  183,  issued  by  The  Jeffrey  Manufacturing  Co.,  deals  with 
mine  ventilation.  It  illustrates  and  describes  the  various  kinds  of  Jeffrey 
ventilatii^  fans,  fan  installations  and  fan  casings.  It  also  contains  ven- 
tilating f ormulse  for  Jeffrey  fans,  and  tables  compiled  to  give  a  comprehen- 
sive idea  of  the  results  to  be  obtained  from  the  various  sizes  of  the  Jeffrey 
Stepped  Multi-Bladed  Fans. 

The  Ingersoll-Rand  Co.  has  recently  issued  the  following  bulletins: 

Form  9024,  on  Steam  Condensing  Plants — ^Beyer  Barometric  Type. 
This  bulletin  describes  the  fundamental  principles  of  steam-condensing 
plants  and  makes  comparisons  between  the  Beyer  Barometric  Condenser 
and  Low  Level  Jet  Condensers  and  Surface  Condensers.  Auxiliary  appa- 
ratus is  illustrated  and  described  in  detail. 

Form  4122  describes  the  IR  Model  Leyner  Drill  Sharpener.  It  ex- 
plains and  illustrates  the  sharpener  in  detail  and  shows  the  various  styles 
of  bits. 

Form  3033  deals  with  the  Imperial  "XPV"  Duplex  Steam  Driven 
Compressors,  designed  and  constructed  to  operate  satisfactorily  under 
"high  pressures"  and  "superheat"  as  well  as  under  "ordinary  steam" 
conditions.  It  shows  the  various  sizes  and  capacities  and  explains  in 
detail  the  operation  of  the  Imperial  Piston  Valves. 

Form  8112  describes  the  56-H  "Crown"  Pick,  a  pneumatic  hammer  said 
to  be  especially  adapted  to  stripping  and  picking  coal  in  coal  mining, 
breaking  cores  in  foundry  work,  tearing  up  asphalt  pavements  and  loosen- 
ing and  wedging  out  bricks  and  stones  when  demolishing  old  structures. 

Catalog  D,  1916,  issued  by  the  Denver  Fire  Clay  Co.,  gives  concise 
information  regarding  the  Case  Metallurgical  Furnaces.  The  oil-burn- 
ing furnaces  are  featured,  particularly  the  Tilting  Crucible  Furnace, 
but  many  that  are  fired  by  gas,  gasoline  coal,  wood  or  coke  are  also 
described.  The  last  half-dozen  pages  of  the  pamphlet  are  devoted  to 
crushers  and  pulverizers. 

(  6  )  [MentioB  this  Bui«L*njf  whan  wrhinc  adTtrtfain.] 
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DOES  YOUR  MILL  MAN  FORGET? 

ELIMINATE  HIHI 

TRAYLOR  ROLLS 

"FLEETING  ROLL" 

Eliminates  Ruinous 

Corrugations 

The  shifting  Device  is  always  on  the  GO.     Never  lets  the  roll  stop 
at  any  one  point  long  enough  to  have  Comigations  get  a  foothold. 
AND  ITS  THE  SIMPLEST  THING  YOU  EVER  SAW 

SIX  (6)  PARTS  THAT  RUN  IN  OIL,  THAT'S  ALL 

Send  for  Bulletin  R-1  and  SuccesBful  Roll  Opentloa 

TRAYLOR  EINGIINEERING  &  MFG.  CO. 

nXTTOSE  OFFICE  MAIN  OFFICE  &  WORKS  WXSTERH  OFFICB 

laCHOBCH  ST.  ALLENTOWN,  PA.,  U.  S.  A.     SALT  LAKS  CITT,  UTAH 

THE  DEEPEST  CORE  HOLE 

in  the  United  States  was  completed 
last  spring  by  the  Contract  Drilling 
Corps  of  this  Company,  at  a  depth  of 

4,900   FEET 

with  a  standard  "P" 

SiiUivan  Diamond  Drill 
If  you  need  prospect  drilling,  deep 
or  otherwise,  get  our  prices. 

Booklet  8113 

SULLIVAN  MACHINERY  COMPANY 

122  SOUTH  MICHIGAN  AVE.  CHICAGO.  ILL 

U«atloathiiBvu«tnwb«iiRitlii|wlTWtlm.]  (7) 
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EMMONS  VOLUME  ON  ORE-DEPOSITS 

A  coniinuaiion  of  the  ''Posepny^*  Vdume 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of  their 
origin,  edited,  with  an  introduction,  by  Dr.  S.  F.  Emmons.  The  volume 
contains  also  a  Biographical  Notice  of  Dr.  Emmons  by'  his  associate  and 
friend,  Dr.  George  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the 
Sheffield  Scientific  School  of  Yale  University.  Dr.  Enmions  had  finished 
his  editorial  work  and  written  his  Introduction  before  his  lamented  death 
in  1910;  and  the  Volume  contains  his  last  words  upon  the  subject  to  which 
he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  regarded  as 
the  foremost  authority- 
Contends 

Genesis  of  Certain  Ore-Deposits.    By  8.  F.  EififONs. 

Structural  Relations  of  Ore-Deposits.    By  S.  F.  EififONs. 

Geological  Distribution  of  the  Useful  Metals  in  the  United  States.    By  S.  F.  EifiiONS.    Discussion,  by 

John  A.  Church,  Arthur  Winslow,  S.  F.  Eumons,  and  William  Hamilton  Merbitt. 
Torsional  Theory  of  Joints.    By  Georgb  F.  Bbcker.    Discussion,  by  H.  M.  Hows,  R.  W.  RATMOifD, 

C.  R.  BoTD,  and  Gborqe  F.  Becker. 
Allotropism  of  Gold.    By  Hbnrt  Louis. 

Superficial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Pxnbosb,  Jr. 
Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado.    By  S.  F.  Emmons. 
Genesis  of  Certain  Auriferous  Lodes.     By  John  R.  Don.    Discussion,  by  Joseph  Lb  Contb,  S.  F. 

Emmons,  G.  F.  Becker,  Arthur  Winslow,  W.  P.  Blake,  and  J.  R.  Don. 
Influence  of  Country-Rock  on  Mineral  Veins.    By  Walter  Harvey  Weed. 
Igneous  Rocks  and  Circulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 
Consideration  of  Igneous  Rocks  and  Their  Segregation  of  Differentiation  as  Related  to  the  Occuirenoe 

of  Ores.    By  J.  E.  Spurr.    Discussion,  by  A.  N.  Winchell. 
Chemistry  of  Ore-Deposition.    By  Walter  P.  Jennet.    Discussion,  by  John  A.  Church. 
Ore-Deposits  near  Igneous  Contacts.    By  Walter  Harvey  Webd.    Discussion,  by  W.  L.  Austin. 
Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.    By  Walter  Harvey  Wbbo. 
Basaltic  Zones  as  Guides  to  Ore-Deposits  in  the  Cripple  Creek  District,  Colorado.    By  E.  A.  Stevens. 
Geological  Features  of  the  Gold-Production  of  North  America.    By  W.  Lindqren.    Discussion,  by 

W.  G.  Miller  and  W.  L.  Austin. 
Osmosis  as  a  Factor  in  Ore-Formation.    By  Halbebt  Powers  Gillette. 
Ore-Deposits  of  Sudbury,  Ontario.    By  Charles  W.  Dickson. 
Genesis  of  the  Copper-Deposits  of  Clifton-Morenci,  Arizona.    By  W.  Lindorbn. 
Copper-Deposits  at  San  Jose,  Tamaulipas,  Mexico.    By  J.  F.  Kemp. 
Magmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spbncbr. 
Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  E.  Spurr. 

Are  the  Quarts  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation?    By  J.  B.  HASTtNOS. 
Occurrence  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindorbn. 
Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron-Bearing 

Series.    By  C.  K.  Leith. 
Geological  Relations  of  the  Scandinavian  Iron-Ores.     By  H.  Sjogren. 
Formation  and  Enrichment  of  Ore-Bearing  Veins.     (With  Supplementary  Paper.)     By  Gborob  J. 

Bancroft. 

Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 

Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  ot 

the  United  States.    By  W.  H.  Emmons. 
Cognate  Papers. 
Bibliography  of  the  Science  of  Ore-Deposits.    By  J.  D.  Irvino,  H.  D.  Smith,  and  H.  C.  Fbrgusoic. 

The  volume  contains  1002  pages.  Price,  bound  in  cloth,  9S,  in 
half-morocco,  $4.  Both  the  Emmons  and  the  Posepny  Volumes  on 
Ore-Deposits,  bound  in  cloth,  $7;  in  half -morocco,  $9. 

Reduced  Prices  for  Limited  Period 

(  8  )  [Mention  this  Bullbtik  when  writing  adTertiaen.] 
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Tkt  Slogan  of  the  Cameron— "Chancttr:    The  Grandest  Thingt' 

A  New  High  Efficiency  Boiler  Feed  Pump 

CAMERON  CENTRIFUGAL 

The  Cameron  "BT" 
Centrifugal  Pump 
shown  herewith  is 
I  the  moat  advanced 
designoftnuIti'Stage 
Boiler  Feed  Pump 
now  on  the  market. 
It  possesses  an  im- 
portant feature  that 
engineers  have  long 

been  waiting  for — adaptability  to  b'.gn  speed  with  steam  turbine  drive,  and  the 

consequent  bigb  efficiency  that  results  From  this  combined  high  speed  unit. 

This  pump  is  built  in  a  number  of  sizes,  to  work  against  pressures  up  to  400  lbs. 

and  to  supply  boilers  up  to  20,000  H.  P. 

FaU  informalion  about  this  pump  liiilt  be  gladly  sent  on  request.     No  oMigaiion. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

II  BROADWAV,  NEW  VORK  S-T  OHIcrm  the  Worid  Over 
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A  DIRECTORY  OF  MINING  AND 


ALBANY 
GREASE 


ALBANY  LUBRICATING  Ca 

Adam  Cook's  8qiii»  Froprietora 

To8«io  WnMinh»  StTMt  II 

Maniifactitrert  of  Albany  Oreaio,  Cook's  Lttfariamt  and 
Albanj  Aatomobilo  and  Macfainarj  Oila.  Marnifactarwa 
and  refiners  of  lubricants  for  erery  condition  and  sarr* 
ice*    Write  for  descriptive  matter. 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  Ca 

Milwaakeey  "Wisconsin. 

MINING  MACHINERT  of  Etexy  Tjpe.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmerst  Limited^ 
Toronto,  Ont 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway*  New  Toik. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking:.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  lor  haadlinc 
grritty  water. 


SMELTING 

AND 

MILLING 

EQUIPMENT 


COLORADO  IRON  WORKS  CO. 

Main  OfllM  and  Worki,      SSrd  and  Wynkoop  Sts. 
Downtown  Oflleo,  SOf  Xdaal  Bulldlns 

Denver,  Colo. 

Manufacturers  of  complete  equipment  for  cyanide  and 
concentrating  mills  and  smelting  plants. 


MOTORS 

FOR 

EVERY 

PURPOSE 


CROCKER-WHEELER  CO. 

An^erei  N.  J. 

Manufacturers  of  Bleetrie    MotorSf  Oenefators    and 
Transformers.    Attematlng  and  Direct  Correiit 


ASSAYERS 

AND 

CHEMISTS 

SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Cole.  Salt  l-ake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLBQ, 
SCORIFIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 
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METALLURGICAL  EQUIPMENT 


DENVER  ROCK  DRILL  MANUFACTURING  Ca 

I>«iT«r»  Colo.  EL  Pmo,  Toz.  Now  Tork  City. 

Salt  Loko  Citj.  Utah.    Bntto,  MoAt  Son  Froncii co,  CoL 

Soottlo,  Waah.  Ehitmaii,  Aria.  Hoaglitoii»  Mich. 

MMXVWAOTVMMMM  OF  "WAVOH"  AND  "DSNVXR*'  DKILLS. 

CANADIAN  ROCK  DRILL  CO.,  Ltd.,  Toronto,  Ont;  Nolaon,  B.  C. 


AIR  AND 

ELECTRIC 

ROCK  DRILLS 

DRILL 
SHARPENERS 


THE  DORR  COMPANY 

N«w  Tork  DBNVBKt  COLO.  Londim 

Madiiiiory  in  oso  te  Cysniding.  W«t  grtThy  Concoii- 
tnllMit  Vkrtatlmi,  IjHscWih  Copp«r  otm  and  many 
nAn-meUUnrgleal  indnstrlal  pfocatsea. 


CLASSIFIERS 

THICKENERS 

AGITATORS 


THE  ENSIGN  BICKFORD  CO. 

Simabury,  Conn. 
Mannfactorara  of 

8AVBTT  FU8B  CORDBAU-BICKPORD 

For  all  Blaatfng  Oparatlona 

Fnao  for  apodal  roqniromonta 


CORDEAU- 
BICKFORD 


SAFETY  FUSE 

FOR 
ALL  BLASTING 

BLASTING 

SUPPLIES 


GENERAL  ELECTRIC  CO. 

SohanaeUdy,  N.  Y. 

BLBCTRIC  MINE  LOCOMOTIVES.    BLB'^TRIC 
MOTORS  for  Operating  Mining  Machinery. 

ELECTRIC 

MINE 

LOCOMOTIVES 

GOODMAN  MANUFACTURING  CO. 

Chioago,  lllinala. 

BLBCTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


HARBISON-WALKER  REFRACTORIES  CO. 

Pittsborghy  Penna. 

Rafraotoriea  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hearth,  Blectrical  Fttmaces,  Copper  Smelting 
planta.  Lead  Refineries.  Nickel  Smelters,  Silver  Slimes 
and  Drosa  FomaceSt  Alloy  Furnaces,  aa  well  as  all 
other  typea  In  use  intheyarious  metallurgical  processes* 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


(MantioB  tUa  Buixamr  whan  wxlthis  adTortiaerB.! 
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A  DIRECTORY  OF  MINING  AND 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

P*rH,  III. 

Mannlactiirers  of   SPELTER,    SHEET   ZINC 
SULPHURIC  ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Naw  York. 

**Retmm- Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
**Blectric-Air**  Drills,  Coal  Punchers,  Pneumatic  Tools, 
««Calyz*'  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lilt  Pumps. 


COAL 

AND 

METAL 

MINING 

MACHINERY 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


THE  JEFFREY  MFa  CO. 

902  North  Fourth  Street,  COLUMBUS,  OHIO 

Electric  Coal  Cutters  and  Drills;  Electric  and  Storage 
Battery  Locomotiyes;  Coal  Tipple  Machinery  incladiag 
Elevators,  Conveyers,  Picking  Tables  and  Loading 
Booms,  Car  Hauls,  Car  Dumps,  Screens,  Crushers,  Pul- 
verizers, Fans,  Hoists,  etc. 


LEAD  LINED  IRON  PIPE  CO. 

t 

Wakefield,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — ^for  Acids  and  Corrosive  Waters. 


A.  LESCHEN  &  SONS  ROPE  COMPANY 

St  Louis,  U.  S.  A. 
Now  York        Chlcafo        Salt  Lako        DoiiTor        SuiFnadMO 

Manufacturers  of  high  grade  Wire  Rope  for  all  pur- 
poses, including  the  celebrated  HERCULES  Red  Strand 
Wire  Rope,  and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Locked  CoU  constructions.  Aerial  Wire  Rope  Tram- 
ways for  economical  transportation  of 


THE  LUFKIN  RULE  CO. 

MEASURING 

Saginaw,  Mich. 

TAPES 

Tapes  for  absolute  accuracy  in  measuremeota.    Send 

for  descriptlTe  catalogue. 
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METALLURGICAL  EQUIPMENT 


ROBINS  CONVEYING  BELT  COMPANY 


New  York 

Chicaco  Oflc* 


Mantsfaetiirera  of 


13-ai  Park  Row 

Old  Colony  Bid's. 


Belt  Cooreyora — Bucket  Elevatora — Ore  Bedding  Sya- 
tema — ^Unloading,  Stocldng  and  Reclaiming  Towara  and 

Auxiiiariea. 

Write  for  BuUetina 


ROBINS 
CONVEYING 


MACHINERY 


JOHN  A.  ROEBLING'S  { 

Trenton,  N.J. 


CO. 


WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 


P.  H.  &  F.  M.  ROOTS  CO. 

Connersville,  ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
lor  Catalogue. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

QAS 
EXHAUSTERS 


CHARLES  A.  SCHIEREN  COMPANY 

89  Perry  Street,  New  York 

Ifannfacturera  of  SCHIEREN'S  DUXBAK  WATER- 
PROOF LEATHER  BELTmO.  The  belting  is  water- 
proof and  chemical  proof,  perfect  In  material  and 
workmanahlp. 


WATERPROOF 
LEATHER 
BELTING 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Aye.,  Chicago,  HL 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

Main  Office  and  Works— Allontown,  Pa. 

Mow  York  Office,  Western  Office, 

to  Church  atroct  8alt  Lake  Otty 

Manofacturera  of  MINING,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRAYLOR  Producta  poa- 
aeaa  Qoalitj.    Our  Expert  Bnglneera  are  at  your  aerrice. 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


IMentioii  tliii  BxruMOK  when  writing  adT«rtiMnJ 
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A  DIRECTORY  OF  MINING  AND 


DERRICK 
EXCAVATORS 


UNION  IRON  WORKS 

Newark  Street,  Hoboken.  N.  J. 

Derrick  ettachmeiit  for  excavttliif.    Does  Mune  werk 
steam  shovel  er  dl^er  dredge  at  fraction  of  flie 
Ask  OS  about  it 


ORES 

AND 

METALS 


L  VOGELSTEIN  ft  CO. 

42  Broadway  New  YoA 

Buyers,  smelters  and  refiners  of  ores  and  metals  of  all 


AIR  UCMNmiES 
KSUOildlKlf 
CMl-WASIIW  PUNTS 


CRUillM  iACIIKIT 
lASftlNE  UKMNTIVIS 
MSTIW  Ml  lAUUM  »• 

CIWERY 
STEUilMMimfB 
IBnUTUN  FANS 


VULCAN  IRON  WORKS 

Wllkee-Berre,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Holsta,  fiofst- 
ing  and  Haulage  Engines,  Mining  Macbineiy,  etc. 
Nicholson  Device  for .  Prevention  of  Overwinding. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTINGHOUSE  ELECTRIC  ft  MFa  CO. 

East  Pittsburg^  Pa. 

THE  BALD Wm-WESTINOHOUSE  ELECTRIC  lONB 
LOCOMOTIVES.  For  foil  information  write  either  to 
above  address  or  THE  BALDWIN  LOCOMOTIVB 
WORKS,  Philadelphia,  Pa. 


AMMETERS 

AND 

VOLTMETERS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMBTBRS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


JT  PAYS  TO  ADVERTISF 

TOUR  PRODUCT  IN  A  MEDIUM  WHOSB  RBADBR8 

REPRESENT  THE  LARGEST  BUTINO  UNITS  IN  THB 

MINING  FIELD.    YOUR  ADVERTISEMENT 

IN  THE  A.  I.  M.  L  BULLETIN 

WILL  PROVE  A  PATING  INVESTMENT.    WRITE  US  FOR  RATES. 

AMERIUN  INSTITUTE  OF  MINING  ENGINEERS  29  WEST  39T1I  STKEET,  NOT  VMK 
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METALLURGICAL  EQUIPMENT 


ADVANTAGES  TO  MEMBERS  OF  OUR  ADVERTISING  SECTION 

It  it  our  intention  to  make  the  adTertiflins  Motion  of  the  BulUHn  urn  eomprehenaible  m  poe- 
dUe,  ao  thnt  memben  can  turn  to  it  for  complete  information  aa  to  wliere  to  buy  tlie  beat  minins 
and  metaUurgioal  auppliea  at  tlie  loweat  prioea.  No  firma  or  auppliea  of  dubioua  reputation 
are  adrertiaed  in  the  BulUtin.  If  members,  in  buying  any  material,  will  refer  to  the  adrertiae- 
ment  of  that  material  in  the  BuHeUn,  or  if  they  do  not  find  it  advertiaed  in  the  BulUUn,  will, 
when  ordering,  aak  the  manufaoturcra  why  the  gooda  were  not  adyertised  in  the  Inatitute 
publication,  it  will  be  of  matexial  benefit  to  all  of  ua,  bacauaa  the  chief  reaaon  why  advartiaera 
are  unable  to  traca  direct  reaulte  ia  bacauae  purehaaera  do  not  mention  the  BMtttUm  when  wrltina. 
Finally,  if  membert,  when  in  need  of  anything  whataoever,  will  write  to  the  Inatitute  haao- 
quartara,  an  effort  will  be  made  to  eend  them  a  complete  liat  of  manufaoturen  able  to  supply 
the  desired  materiab  of  good  quality.  The  furnishing  of  tbeee  lists  will  be  a  benefit  to  our 
Advertising  Department,  as  well  as  to  the  members.  We  need  scarcely  call  attention  to  the 
advantages  obtained  by  the  members  from  the  money  which  advertising  brings  in,  bacauae  al 
thia  money  is  retumsd  directly  to  the  members  in  one  form  or  another. 


L. 

VOGELSTEIN  ca,  CO.           1 

Ai  Brotdway 

BUYERS,  SMELTERS 

NEW  YORK 

AND   REFUVERS   OF 

Ores 

and  Metals  of  All 

Classes 

SELLERS     OF     COPPER,     TIN, 

SPELTER, 

ANTIMONY,     LEAD,     ETC. 

COMPLBTB  GRAPHIC  SOLUTION 
FOR 

KUTTER'S 
FORMULA 

FOR  THB  FLOW  OF  WATER 

By  L.  L  HBWBS 

and 

J.  W.  ROB 

SheAeld  Sdentiflc  School 
Tale  Uniyerslty 

B^  the  use  of  this  diagram  and  a 
straight-edge,  a  complete  solution  of 
Kutter^s  Formula  for  any  pvta  con- 
ditions can  be  obtained  m  30  sec- 
onds, without  the  tedious  calcula- 
tions otherwise  necessary. 

Printed  on  cloth,  x(  by  15  inches. 
Suitable  for  office  or  field  use. 

PRICB,  M  CBNTS. 
Sent,  postpaid,  on  receipt  of  price,  by 

The  American  Institute  of 

Mining  Engineers 

St  W.  ttth  street.  New  Tork,  N.  T. 


MAAS 


DETERMINES 

DIRECTION 

AND  DIP 


DRILL  HOLE 
COMPASS 


E.  L.  Derby,  Jr.,  Agent 

lahpemlng,  Mich.,  U.  S.  A. 
Codei  McNeiU'a  1908 


AT  YOUR  SERVICE 

When  you  are  in  need  of 
equipment  of  any  kind, 
write  the  Advertising 
Dept.,  A.  I.  M.  E.y  and 
your  wants  will  be  made 
known  to  those  manufac- 
turing or  handling  the 
same.    NO  CHARGE. 


I  Mention  thJt  BuiiURiir  when  wrltinc  adyertiMn.] 
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BULLETIN,  A.  L  M.  E.— ADVERTISING  SECTION 


PROFESSIONAL  CARDS 

AUHUDQE,  WALTER  H. 

Connltlaff  Minlncuid 

14  Wall  ntr—t                  HIW  TOBX 

HAMMOND,  JOHN  HAYS» 

CenMltIng  Engineer, 
7Z  Broadway,              NEW  YORK. 
Code:  Btdfard-MeN^iU. 

BEATTY.  A.  CHESTER 

Ctmiiltlng  Mining  EnginMr, 
71  BnMdway, 

NEW  YORK,  N.  Y. 

Qrinttlc. 

HANKS.  ABBOT  A. 

Ohemiet  and  Aeeayer 

EstebUshed  t866 

Control  and  Umpire  Assays,  Sapcrri- 
sion  of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,   BUnerals,   Mineral 
Watersr  etc. 

m  BtcruMito  St    San  Franoieoe,  Cal. 

BURCH,  H.  KENYON 

Mechanical  aid  Metallurgical  Eaglacer 

Care  The  Sierra  Madre  Club 
L.  A.  Invei tment  Bldg. 

Lot  Angelei ,  CaUfornia 

Designer  and  Builder  of 
Power,  Hoisting.  Pumping, 
Crushing  and  Milling  Plants. 

Specialties:  Concentration  of  Ores, 

Economic  Handling  of  Materials 

LEDOUX  &  COMPANY 

Assayers  and   Samplers 
99  John  Street              NEW  YORK 

Independent  Ore  and  Metal  Samplen. 

RepresenUtives  at  aO  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

CHANNIN6,  J.  PARKE 

Ooatultlng  Engineer, 
6z  BaoADWAT,              NEW  YORK. 

MYERS,  DESAOC  B. 

Mining  ]^n|^eer 

S21  Stoiy  Bunding         LOS  ANGKLX8 

COULDREY,  PAUL  S. 

Mining  Engineer 

Cebbo  db  Pasco  Mikxko  Co. 

CERRO  de  PASCO,  PERU 
SOUTH  AMERKA 

MAKE  ARRANGBMBNTS 
NOW  FOR  YOUR  CARD. 

• 

OfDrmdMr 

MaiiicTi  111  till  Tt>aiH««^  flf  TtrlmnlneT 

BOSTON.  MASS. 

RIORDAN.  D.  M. 

Cona%dHno  Engimtr 

Mining  InTestigations  espeeiall^  emrefiilly 
made  for  responsible  intending  UTeaton. 

6S6  Market  Street,  8an  Frandseo,  Oal. 

FOR  PROFESSIONAL   CARDS 
QUOTED    ON    APPLICATION. 

(!•) 


f  Mention  this  Bullbkm  whan  writing  •dierllisw.l 


BDUETIN,  A.  L  M.  E.— ADVEEnSINQ  SECTION 


PROFESSIONAL  CARDS 


POPE  yEATHAH  EDWW  S.  BERRY 

POPE  YEATMAN 

ConuMngll 


111  Broadway,  Hew  Toik 
C»ble:  Code: 

Ikona  Bedfard-McNidl 


YOUD,  HERBERT 

MMwEHhMr 

Gu«rdK,  Portugal 

Code:  Btdford-McNeiU 


PROPOSALS    FOR     MEMBERSHIP.     A  blank  proposal  for  membership 

is  included  in  each  Bulletin.     In 

the  event  oE  not  beins  able  to  secure  such  a  one,  applications  for  member- 
ship can  be  made  out  on  any  blank  piece  of  paper,  provided  they  include 
the  class  to  which  the  candidate  is  proposed,  whether  member,  associate 
or  junior  member;  the  signature  oE  three  members  or  associates  Gunior 
members  must  also  have  the  endorsement  of  two  oE  their  instructors);  a 
brief  history  of  the  candidate,  including  date  and  place  of  birth,  his  edu- 
cation and  technical  record,  and  finally  a  signed  statement  by  the  applicant 
that  he  desires  to  become  a  member. 


IMvndon  tbk  Bouaioi  wbta  mitiBa  adnrtkut.] 


BULLETIN,  A.  L  M.  E.— ADVERTISING  SECTION 


ALPHABETICAL  LIST  OF  ADVERTISERS 


Albany  Lubricating  Co 3 

Allis-Chalmers  Manufacturing  Co 10 

Beer,  Sondheimer  &  Co 3 

A.  S.  Cameron  Steam  Pump  Works 9 

Colorado  Iron  Works  Co Inside  Front  Cover 

Crocker-Wheeler  Co 10 

Denver  Fire  Clay  Co 10 

Denver  Rock  Drill  Co 11 

Dorr  Co.,  The 3 

Du  Pont  Powder  Co ^ I 

Ensign  Bickf ord  Co ' 5 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 11 

Harbison-Walker  Refractories  Co 11 

Illinois  Zinc  Co 12 

Ingersoll-Rand  Co 1 

Jeffrey  Manufacturing  Co Inside  Back  Cover 

Lead  Lined  Iron  Pipe  Co 12 

A.  Leschen  &  Sons  Rope  Co 12 

Lufkin  Rule  Co 5 

Maas  Drill  Hole  Compass 15 

Robins  Conve3nng  Belt  Co 13 

John  A.  RoebUng's  Sons  Co Inside  Back  Cover 

P.  H.  &  F.  M.  Roots  Co 13 

Chas.  A.  Schieren  Co 3 

Sullivan  Machinery  Co 7 

Traylor  Engineering  &  Manufacturing  Co 7 

Union  Iron  Works 1 

L.  Vogelstein  &  Co 15 

Vulcan  Iron  Works 

Westinghouse  Electric  &  Mfg.  Co « 

Weston  Electrical  Instrument  Co.        5 

( 18  )  [Mtntion  this  BuLLsnir  whan  wiMnc  adTaftiMn.] 


G-E  Arc  Welders 

Cut  Repair  Cost-Save  Time 

If  chippers  are  busy  elsewhere 
don't  wait— let  the  G-E  arc  welder 
do  its  own  chipping. 

Don't  even  take  time  to  remove 
a  flat  Avheel— the  G-E  arc  welder  will 
build  it  up  while  in  place. 

You  can  control  heat  and  building 
of  metal  thus  preventing  distortion, 
uneven  crystallization  and  cavities. 

The  G-E  arc  welder  is  used  all 
over  the  world.  It  has  made  good  in 
China;  it  is  making  emergency  repairs 
for  the  Suez  canal  and  the  rapid 
transit  rolling  stock  of  New  York 
City  is  kept  in  shape  by  its  help. 

Our  nearest  local  office  will  be 
pleased  to  give  you  additional 
information. 

General  Electric 
Company 

General  Office :  Schenectady,  N.  Y.    District  Offices  in: 


Boston,  Mass. 
Cincinnati,  Ohio 
St.  Louis,  Mo. 


New  York,  N.  Y.  Philadelphia,  Pa.  AtUnta.  Ga. 

Chicago,  111.  Denver,  Colo.      San  Francisco,  C«l. 

Sales  Offices  in  All  Large  Cities  6180 


/         V 


smNL 


SERIAL -DO  NOT  REMOVE 
FROM  BUILDING 


ORCULATES  ONLY 
TO  DEPT.  OFFICES 


